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I. Introduction

Diffusion in polymers is concerned with the process by which
matter is transported from one position in a portion of polymer to
another position. The subject of diffusion is of interest because
polymers are quite often used in contact with gases, liquids or
solids that can penetrate it. Resistance to permeation is an
important factor in the selection of polymeric materials for use
in many applications. In some cases advantage has been taken of
the permeation properties of polymer membranes to separate penetrant
mixtures that would be otherwise difficult to separate.

Diffusion in polymers is not only important because of the
practical uses of polymeric barriers, but it is an active field of
research because the nature of penetrant movement in a polymeric
solid can yield information about the polymer configuration. In
this respect a diffusion-sorption experiment may yield information
related to the configuration and flexibility of the molecular chain
and the morphology of the polymer. A particular goal of research in
this area is to establish models, mechanisms and laws relating
solubility-permeability and diffusivity in polymer-diluent systems
with the characteristics and molecular properties of the components.

The subject of diffusion behavior is very closely related to
solution (solubility) and permeation (permability). Solubility is
determined when a state of equilibrium exists between molecules
inside and outside the polymer. Until equilibrium is reached the
polymer will continue to take up or give off foreign molecules by
the process of diffusion. The permeation process is concerned with

the transport of molecules in a polymeric membrane that separates
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two reservoirs containing molecules at different concentrations or
pressures. Permeation is usually considered to consist of three
distinct processes. A molecule first dissolves at the membrane
face, it then diffuses to the other face at a lower concentration
where it evaporates or is extracted. Permeation is more complex
than diffusion since it involves a solution as well as an evaporation
step. However, permeation is experimentally much less difficult

to study than diffusion and much effort has been expended in deter-
mining permeabilities, A permeability coefficient is not as fun-
damental a quantity as a diffusion coefficient because of the more
complex nature of the permeability process.

This review is concerned with diffusion in solid polymers and
plastics in particular. Reference will sometimes be made to work
that has been done on elastomers. Since solubility and permeability
are intimately associated with diffusion a number of references have
been made to work done in these areas.

This review is primarily concerned with transport of relatively
low-molecular weight gases, vapors and liquids ("penetrants”) in
polymer solids with the restriction that the concentration of the
sorbed species is small relative to the amount of polymer solid present.
The appendix contains tabulated diffusion data extracted from the
literature. No attempt has been made to correlate the data other than
what has been done by the original investigator, since in most cases
experimental systems have not been sufficiently well defined to
justify correlation. No claim is made that diffusivity data contained
in the appendix is comprehensive since data from several industrial

laboratories were not available to the reviewer.



II. Fundamentals

A. Definitions and General Equations

1. The Diffusion Coefficient

The transport of penetrant through a polymer normally occurs
by an activated diffusion process. As a physical process diffusion
closely resembles heat conduction. In both cases the driving force
for transport of matter or heat is the absence of equilibrium caused
by a concentration or temperature gradient coupled with a tendency
to eliminate these differences by molecular motion. The descriptive
mathematics of diffusion are largely based on the mathematical theory
of heat conduction and can be found in several monographs on the
subject (1-5). It is useful to review some of the mathematical results
since they may help to understand the experimental methods for
measuring rates of diffusion as well as the application of experi-
mental data.

Diffusion in an isotropic substance is based on the assumption
that the rate of transfer or flux, J, of matter by diffusion through
a unit area of a substance is proportional to the concentration
gradient normal to the unit area. Fick (6) employed the analogy
between heat transfer by conduction as formulated by Fourier (7) and
mass transfer by diffusion to state what is known as Fick's first law

of diffusion:
J=-D (dc/9dx) (II-1)

where J is the flux equal to the rate of flow per unit area of the
diffusing substance, x is the space coordinate perpendicular to the
reference unit area, c is concentration of the diffusing species,

and D is the diffusion coefficient which is independent of concentration
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and has units of area per unit time.

Equation (II-1) indicates that the steadystate rate of flow
through a normal unit area is in a direction opposite to the con-
centration gradient but proportional to the absolute value of that
gradient. If diffusion is considered in the x direction only as dx
approaches zero, the rate of concentration increase with time is
given by Fick's second law of diffusion.

dc 92c
=D (I1-2)
2t J x2

or for 3 dimensions

(N'Te

2 2 2
dc  _ b F§L dA¢c p c (I1-3)

2t x+37+éz2
Fick's second law of diffusion describes the concentration of
diffusing molecules as a function of position and time when D is
independent of concentration, position, and time. Concentration
independence of D can be expected when the concentration is rel-
atively low as in the case of the diffusion of permanent gases in
polymers at atmospheric pressure. The solution of equation (II-3)
is dependent on the sample geometry and the initial and boundary
conditions for the particular situation under consideration.
Solutions for many situations can be found in several texts (1-4).
Usually the solution is either a series of error functions, or a
trigonometric series, or a series of Bessel functions.
In many cases the diffusion coefficient may not be constant
but a function of position, concentration, and time. The diffusion
of organic liquids and vapors in polymers which swell during sorption

may be characterized by a variable diffusion coefficient.
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Equation (II-1l), Fick's first law, remains the same for
position or concentration dependent diffusion, but equation (II-3),
the second law, takes the following form when D is a function of

position and concentration.

dc _ D¢ p) dc dc
oo oSy EodD (1=4)

The mathematical and experimental methods of handling con-

centration-dependent diffusion present considerable difficulties.
If D does not depend explicitly on position then equation (II-2)
can be transformed to
2 2
S = po)C L (BDle), e,

ot sz 9 C o X (II-5)

A simple experimental method of removing the difficulty
imposed by a concentration dependent diffusivity is to reduce the
vapor pressure of the penetrant so much that diffusivity is not
concentration dependent. The problem of a concentration dependent
diffusivity has been approached experimentally by employing methods
which closely follow those used for constant diffusivity, when it
is assumed that D depends on concentration in a simple way, such

as :

D=0, (1+ dc) (I1-6)
D = D, exp (okc) (I1-7)
D=0, (L+dc+ fc+ Yo+ ... (11-8)

Several workers (2,8-11) have developed the mathematical methods
for concentration dependent diffusion coefficients and methods for

their experimental determination. One method of treating concen-
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tration dependent diffusion coefficients is to limit experiments to
small concentration intervals so that the change of diffusivity with
concentration is small when compared to the absolute magnitude of
the diffusivity. Then the value of —Q§égl in equation (II-5) is
small and a mean or integral value of D can be determined for the
concentration interval. The value of the mean or integral diffusion

coefficient D over the concentration range c, to c, is defined as

2
€1
_ jcz D(c)dc
D = T (II-9)
1 2

when D is measured over several ranges of concentration the concen-
tration dependence of D(c) can be estimated.

One method which has been used with some success to establish
whether a diffusion coefficient is concentration dependent or not is
the determination of absorption and desorption-time curves. If the
absorption and desorption of a penetrant is plotted versus the sguare
root of time the curves will coincide for a constant diffusion
coefficient but will differ for a concentration dependent one. In
many cases (10) the shape of the desorption-time curve is affected
more strongly by a concentration dependent diffusivity than the
absorption curve. Crank and Park (9,12) have shown that the concen-
tration dependence of the diffusion coefficient can be determined
from the absorption-time curve.

Crank and Henry (10) have suggested a method of obtaining a
better approximation to D than either Dabs or D the mean absorption

des

and desorption diffusion coefficients as follows:

- 1 R N -10°
Dav =37 (Dabs + Ddes) (II-10)
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If better accuracy is desired and if D(c) is exponentially or linearly
dependent on C, the correction curves developed by Crank (2) for Bav
may be used. Although equation (II-10) may lead to large errors when
D is strongly concentration dependent, it has been applied to the
diffusion of solvents (13,14) and water in plastics (15). One must
be careful when deriving diffusion coefficients from absorption time
curves if time-dependent relaxation processes caused by polymer
swelling by penetrant are present. Diffusion coefficients determined
in this situation would be concentration dependent and time dependent.
Time effects are particularly prevalent for diffusion in polymers
below the glass transition temperature (16-19). To date practical
solutions have not been developed for time dependent diffusion problems.
Fick's second law applies strictly only to those diffusion cases
in which the partial specific volumes of the components are independent
of pressure and composition. These conditions are satisfied by a
incompressible two component mixture in which there are no volume
changes on mixing. An example of such a system is a mixture in which

one of the components is sufficiently dilute.

2. The Solubility Coefficient S

In the strictest sense, solubility falls outside the scope of
the subject of diffusion, however, it is desirable to give some
attention to the solubility of gases and vapors in polymers. This is
necessary because the rate of permeation and diffusion depends on the
concentration of diffusing molecules in the polymer.

The equilibrium concentration Cx of a penetrant in a polymer

is related to the partial pressure of the ambient gas, Px’ by Henry's



law:

Cx = S(P) Px (I1-11)

in which the solubility coefficient S(P) may be a function of p or
C and is usually expressed as cm3 gas (STP), dissolved per cm3 of
material at a pressure of one atmosphere (20). Henry's law is a
special case of the Nernst distribution law and should describe the
solubility situation reasonably well except when easily condensable
vapors are encountered especially at high vapor pressures.

A number of methods have been used to measure the solubility of
gases and vapors in polymers. One method determines the quantity of
gas or vapor sorbed by weighing or by measuring a change in gas
volume (21-24), while another method relies on the measurement of the
diffusion coefficient D and the permeation coefficient P and the use

of equation (II-12)
S = P/D (II-12)

Of the two methods of finding the solubility the method based on the
determination of D sometimes gives higher values for easily condensable
vapors (25,26).

The solubility of gases in polymers increases with the boiling

point of the gas (21,22,27;28,29). The easier a gas can be condensed,
the higher the solubility (30). A similar solubility relationship
holds for gases in organic liquids (31). The degree of solubility

of a gas in a polymer depends to a large degree on their compatibility
or the specific interaction between the gas and polymer molecule.

Polar gases tend to be more soluable in polar polymers than in nonpolar
polymers.

The temperature dependence of the solubility coefficient is best
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described by the well-known Arrhenius-type relationship:

S = S exp (- AHS/RT) » (I1-13)

where So is a constant and zkHs is the apparent heat of solution
which is the sum of the heat of condensation and the heat of mixing.
For permanent gases such as HZ' 02, He, N2, etc at room temperature,
the heat of condensation is small and the heat of solution is mainly
determined by the heat of mixing. The more readily condensable gases
such as SOZ’ NH3, and heavier hydrocarbons have heats of solution

determined mainly by the heat of condensation.

3. The Permeation Coefficient P

The permeation or transport of matter through a homogeneous
membrane is usually considered to occur by solution of gas at the
surface, migration by diffusion through the membrane to the other
surface, and evaporation from the other surface into the gas phase.

If we consider a membrane of thickness 1 with partial pressure
Py and P, in the gas phase and equilibrium concentration ¢ and c,

of penetrant at the membrane surface, and if Henry's law is obeyed,

then at steady state the flux J can be written as:
!
J = D(cl - qz)/l (I1I-14)

which is a form of Fick's first law. With the restrictions noted

above this relation can be expressed as

(<}
I

DS (p; - pz)/f (II-15)
or as
J1
P = DS = (II-16)
(py-P,)

where the product DS is defined as the permeability P.
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The permeability constant may be calculated as (32),
P = (AQ/at)(p;-p,)1/a ' (II-17)

where A is the effective membrane area, f is the average membrane
thickness and AQ is the quantity of gas at STP permeated in the

time interval At at steady state. In general either S or D or both
may vary with position, concentration, or time so that the permeability

P will also be concentration, position or time dependent. Thus

J=DE (pl-pz)/l' (II-18)

or

P=DS§S (I1I-19)

Equations (II-16) and (II-19) show that two factors govern
permeability, ie, diffusion and solubility. These two factors may
cause large differences in the permeability of various gases. Gases
with large diameter molecules diffuse more slowly while gases with
high boiling points have higher solubilities. A certain permeability
may be a combination of high diffusivity with low solubility, as with
hydrogen, or low diffusivity with high solubility, as with methane.

The temperature dependence of the permeability of gases in polymers

can be expressed as:

P = P_ exp (-L;HP/RT) (II1-20)

where Po is a constant and AH? is an activation energy for permeation.
The activation energy for permeation A&HP has little meaning in itself
since it is the summation of the energy of activation for diffusion

AHD and the heat of solution AHS.
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B. Diffusion Coefficients for Binary Mixtures

At this point it is worthwhile to define clearly the various
diffusion coefficients which have been used to describe diffusion
in a binary mixture. When two components (1 and 2) interdiffuse the
total flow through a fixed reference plane wmay be due to the pure
diffusion fluxes of 1 and 2 plus a concurrent mass flow of the
components. The interdiffusion coefficient for such a system may be
dependent on the experimental method, the boundary conditions,
temperature and composition ranges, and other experimental variables.
Even under exactly similar experimental conditions, the diffusion
coefficient for one system may have a different meaning than another
system because dependence of the thermodynamic behavior upon temperature
and composition of the different systems may lead to different effects
on the diffusion process. |

In order to interpret measured diffusion rates, one must carefully
define the reference plane in terms of the concentration and space
coordinate units appropriate to the given experimental situation.
Hartly and Crank (11,2) and Darken (33) have characterized a binary
mixture by five diffusion coefficients each defined with respect to a
different coordinate system. Several authors (34-38) have discussed
the physical significance of the coefficients measured under different
conditions. The interested reader is referred to these references for

a complete discussion of the significance of each coefficient.

C. Mechanisms of Diffusion

The precise details of molecular motions which occur during
diffusion are not known. However, it is generally accepted that

differences between the diffusion behavior of crystalline solid,
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amorphous solids and liquids are ones of degree rather than kind.
Thus the application of the fundamental diffusion equations and the
generalized models are not restricted by the order or physical state
of the medium.

Solution and permeation in amorphous solids has been shown
(20,29,39) to be quite similar to the corresponding processes in low
molecular weight liquids. Aitken and Barrer (40) have shown that the
relationship between the standard entropies and enthalpies of
solution of gases in elastomers is linear as is commonly observed
for the solution of gases in liquids. In crystalline materials bulk
diffusion is believed to take place by a defect mechanism or by phase

change (1,3,41).

III. Experimental Methods

There are in general three basic experimental method for deter-
mining diffusion coefficients in polymers. One method involves
measuring the solubility and permeability of a system. The second
method involves measuring the rate of sorption and desorption of
penetrant in a solid polymer. The third method, sometimes called the
"time lag" method involves determining the time required to reach
steadystate permeation after penetrant first enters a membrane.

The rate of sorption or desorption method for determining
diffusion coefficiosnts is experimentally simple. The change in weight
of a sample in a vapor atmosphere is followed as a function of time at
constant temperature and pressure. If one takes a sample of thickness

1 .
1 and measures the cumulative masses sorbed or desorbed, M as a

tl
function of time until there is no sensible weight change over a long

time interval, ie until M is reached, then a plot of relative weight
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gain or loss Mt/Mco , VS either tl/z/l'or t/l'2 can be made and the
value of the diffusion coefficient determined.

When Mt/Moo is 1/2 than t/l‘2 can be determined approximately

(2) to be,
(/1% = - /%) 1n ((w¥/16) - (1/9) ( 2/16)°1  (111-1)
2
thus D is
D = 0.049/(1:/1'2)l (III-2)
2

If (Mt/M“’) is greater than 0.4 then the solution of the diffusion

equation for sorption into a plane sheet is

In (1 -M/Mg) = 1n (K/ %) - D 4% t/1° (ITI-3)

In many cases the initial stage of sorption or desorption agrees
with Boltzmann's solution for diffusion in a semi-infinite medium and

1/

a plot of Mt/MG’ versus t z/f is initially linear. For this situation

the diffusion equation reduces to
M Mg = (4/ 27?0 t/1%)1/? (I1I-4)

from which D can be determined.

The "time lag" type of experiment is also a dynamic experiment.
When a penetrant diffuses through a membrane there is a period of
unsteady state flow or a "time lag" until steadystate flow is established.
If the total quantity of penetrant diffusing through the membrane is
plotted versus time, an extrapolation of the steadystate portion of
the curve to the time axis will yield the time lag,'t. The time 1lag
is then the time from the start of the experiment to the intercept

on the time axis of the extrapolation of the steadystate portion of the



-14-

curve.

The time lag can be related to the diffusion coefficient, D,
through appropriate solutions of the diffusion equation (39,42). The
method has the advantage that both the diffusion coefficient and the
permeation coefficient may be determined from a single experiment and
thus the solubility, S, can be calculated from the quotient P/D.

The experimental method usually begins with a penetrant free
membrane. The upstream side of the apparatus is then flooded with
penetrant at constant composition, pressure and temperature while the
down stream side is maintained at essentially zero concentration. Thus,

the time lag is related to the diffusion coefficient as,
Y = /6D (III-5)

Expressions have been developed (43,44) which permit the calculation

of D from time lag data for systems in which D may be dependent upon
time, concentration or spatial coordinates. If the functional de-
pendence D(c) on C is not known, the integral diffusion coefficient,

D, can be estimated from time lag data. Pollak and Frisch (44) have
shown that the following inequality holds, with some minor restrictions,

for a large class of functional dependencies of D(c) on C.

¢ XD ¢ 4, (III-6)

1/6 -]t'-z——

IV. Concentration, Pressure and Temperature Dependence

Permanent gases interact very little with polymers and hence the
polymer solid structure does not undergo rearrangment to any degree.
Thus for permanent gases, the permeability, solubility and diffusivity

are independent of pressure at a given temperature (21,27,39,45,46).
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The sorption and desorption of condensable vapors are often
dependent upon the concentration of the penetrant. Penetrants which
are good solvents tend to swell and plasticize the polymer. This in
tern leads to increased mobilities for polymer segments and
penetrants. In the presence of a good diffusing solvent, the polymer
morphologynmy be altered because of stress relaxation and orientation
and thus the permeation, sorption and diffusion behavior strongly
altered. The characteristic features of several concentration
dependent diffusion coefficient systems have been discussed by several
authors (2,10,47,48). Many concentration dependent systems behave
like "Fickian" systems in contrast to "non-Fickian" or "anomalous"
behavior for systems in which sorption-desorption processes or
diffusion are dependent on variables other than concentration.

The concentration dependence of diffusion for any given polymer-
penetrant system is primarily dependent on the temperature and molecular
size and solvent power of the penetrant. Large increases in the
magnitude of the diffusion coefficent have been observed when penetrant
concentration is increased for some systems. Fujita and co-workers (49)
have observed large increases for the diffusion of n-alkyl acetates
in poly methylacrylate while Kokes and Long (50) have noted that the
diffusion coefficient for benzene in polyvinylacetate increased 900-
fold with concentration as the weight concentration changed from zero
to 10%. There have been a number of studies of concentration dependent
diffusion in rubber-penetrant systems (21,27,28,39,40). There have also
been several studies of the diffusion of water vapor into polymers.

The diffusion coefficient for water vapor in polymethylacrylate is
larger than that for n-alkyl acetates, perhaps due to its smaller

molecular gize, but the coefficient is independent of concentration (49).
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It has also been found that the diffusion of water vapor in poly-
theylene (51) and in cellulose acetate, polyvinylacetate, and some
nylons (52) is concentration independent. When water is a nonsolvent
for a polymer the quantity sorbed is small and swelling is negligible.
However, when the polymer is soluable in water such as poly vinyl
alcohol, cellophane, nylon 6, etc; diffusion is dependent upon concen-
tration (51).

Boyer (53) has shown that the most effective plasticizers for
polymers are those with the highest mobility within the polymer and
those with the greatest polymer-penetrant interaction. The effectiveness
of the plasticization of a polymer by a penetrant depends on factors
such as the magnitude and nature of interaction between polymer and
penetrant, the inherent flexability of the polymer chains the size
and shape of the penetrant, polymer morphology and temperature. Be-
cause the interaction of these factors is quite complex, it is difficult
to predict concentration dependence except in very general terms.

The effect of temperature upon concentration dependence is also
guite complex. In a study of the diffusion of Cy and Cg paraffins in
rubber, Aitken and Barrer (40) concluded that the mobility of the
polymer chains had increased so much at higher temperatures that in-
creases in vapor concentration no longer caused corresponding increases
in plasticization of the polymer. However, at lower temperatures the
chain mobility is much less and the plasticizing effect of penetrant
molecules is much greater. For polystyrene, Park (54) found that the
plasticizing effect of the penetrant increased with temperature, in
contrast to the study on rubber. This effect has been attributed to
the very small increase in chain mobility brought about by small

temperature increases below the glass transition temperature. The
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increase in the plasticizing ability of penetrants with increasing
temperature is a dominant factor affecting polymer chain mobility
and diffusion rate.

The magnitude of molecular mobility is not only dependent upon
the size and shape of the diffusing molecule but also by concentration-
sensitive factors such as the local segmental mobility of polymer
chains and the nature and magnitude of nearest neighbor interactions
between the components of the mixture. The position, manner and
strength by which a sorbed molecule is held within a polymer solid,
is an important factor governing molecular mobility. If penetrant
molecules are held by sites of varying energies, the driving force for
diffusion will contain energy terms which depend on concentration as
well as the number and distribution of sites within the polymer. When
sorption or desorption takes place with sorbed concentration changing
with time or with varying external concentration, the relative number
of polymer-polymer, penetrant-penetrant and polymer-penetrant contacts
at any position in the medium may vary greatly with a resultant change
in the dominant mode of sorption and a change in the diffusion rate.
The magnitude and nature of the interaction forces between nearest
neighbors may cause a penetrant molecule to remain at a site or within
a volume element for longer periods of time then the average time re-
quired for a diffusion step. Such localized penetrant molecules are
essentially immobilized and contribute little to the overall flux of
material through the polymer.

Theoretical developments have been presented (55,56) to allow
for varying degree of binding to sites depending on their energies.,
Fujita (57) has developed the case for transport through a solid where

adsorption is governed by a Langmiur-type isotherm. The mathematics
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of diffusion with concurrent immobilization of some of the penetrant
closely follows mathematical treatments for simultaneous diffusion and
chemical reaction. Crank (2,53) has discussed the mathematics of
simultaneous diffusion and chemical reaction.

Over a small range of temperatures Arrhenius type relations
represent the temperature dependence of the diffusion, permeation and

solubility coefficients.

D = Do exp (- AHD/RT) (Iv-1)
P = P exp (= aAH,/RT) (II-20)
S = SO exp (- AHS/RT) (I1-13)

From the definition that P = DS, it follows that
P =D § (IV-2)

and AH_ = AHD + AHS (IV-3)

The diffusion process in an amorphous plastic can be thought of
as the movement of penetrant molecules through tangled polymer molecules
and holes. Above the polymer glass transition temperature, holes
constantly disappear and reform because of random thermal fluctuations.
Diffusion thus takes place by the movement of a penetrant from one
hole to another under the influence of a concentration gradient due
to cooperative action of surrounding molecules. Often the hole is not
the size of the penetrant and several jumps must take place in the
same direction before the penetrant can move a distance equal to its
length. A hole need not be formed for diffusion, since theoretically
a penetrant molecule and some of the surrounding polymer segments may
share some common volume before and after diffusion jumps. In order
for this to occur, a number of van der Waals type polymer-polymer or

penetrant-polymer contacts must be broken to rearrange the local
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structure and allow passage of the diffusing molecule. The amount of
energy required to rearrange the local structure increases as the

hole size increases and according to Boltzmann's law, the concentration
of holes should decrease exponentially with increasing hole size.

Relative motion between polymer segments also occurs during
viscous flow and there is a great similarity between the form of
temperature dependence equations for diffusion and the corresponding
eguations for viscous flow. The exact nature of molecular and
segmental motions for the two processes are different and the analogy
between the two processes is only qualitative. In viscous flow
polymer molecules are displaced requiring coordination of segmental
motions, while when small molecules diffuse in a polymer matrix only
relatively uncoordinated motion of small polymer segments are involved.
Correlations between D and 7 should be closer for large size penetrants
or for low penetrant concentrants where the segmental motions of the
two processes are similar.

The temperature dependence of viscosity also can be represented
by an Arrhenius type equation. Several workers (49,59,61) have found
that the activation energy for viscous flow is nearly the same as the
activation energy for self diffusion in polymers.

The activation energy for diffusion ED has been associated with
the energy required for hole formation against the cohesive energy
density of the polymer in addition to the energy required to force the
penetrant through the polymer sturucture. Diffusion in polymeric
materials usually involves activation energies of the order of 40 to
50 Kcal/mole.

Several theories to account for the temperature dependence of

diffusion have been developed. The "activated zone theory" of diffusion
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developed by Barrer (1,39,62,63) assumes that the activation ensrgy

is shared with the chain segments involved in the diffusion step as

well as with the diffusing molecules. The "transition state" theory
developed by Eyring (64,65) also leads to an expression for the diffusion
coefficient.

Over wider ranges of temperature the temperature dependence of the
diffusion coefficient deviates from the Arrhenius type relationship
(27,66). Both the "transition-state" theory and the "activation-zone"
theory predict that a plot of ln. D versus 1/T will be nonlinear over

a wide temperature interval since the activation energy E_ is temperature

D
dependent.

V. The Nature of the Penetrant and Polymer

The diffusion coefficient D is usually independent of concentration
at low concentrations for most gases since at normal pressures only
small amounts of the gases are taken up by the polymer. However, with
easily-condensable vapors the concentration in the polymer may reach
such a level that the diffusion coefficient becomes concentration
dependent.

Diffusion coefficients vary with the molecular weight or size of
the penetrant molecule. As the molecular weight or the volume or
shape of the penetrant decrease the diffusion coefficient generally
increases (40,50,60,67,68). For the diffusion of liquid penetrants
in polyvinylacetate, Zhurkov (71) found a linear relationship between
In D and molar volume. For the case of diffusion through open pores
the rate of diffusion has been found to be proportional to the molecular
weight (61). Others (72,73) have suggested a simple proportionality
between ln D and molecular weight or between ln D and the logarithm

of the molecular weight (60,74). Since data on the effective diameters
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of molecules during diffusion are not accurate, a precise relationship

between molecular dimensions and diffusivity has not been developed.
Barrier and co-workers (29,40) and Prager and Blyholder (70,75)

have studied the diffusion of various hydrocarbons in natural rubber
and polyiscbutylene. They concluded that for the homologous series
of n paraffins above n—C4HlO the rate of diffusion changes little
when the carbon chain length of the penetrant molecule is increased.
Diffusion of these penetrants is believed to occur preferentially along
the direction of greatest length of the molecule, which tends to
penetrate the rubber with the penetrant oriented as a needle. Chain
hydrocarbons are thought to diffuse by first penetrating with one
segment into a hole when one of sufficient size is formed, followed
by more segments when the hcle has been sufficiently enlarged by
thermal fluctuations.

Cyclization and branching of the penetrant causes a decrease in
the diffusion coefficient. This may be explained by the larger
cross-sectional area of cyclic and branched hydrocarbons. However,
double bonds make the dimensions of the penetrant molecules more
favorable for diffusion and an olefin such as ethylene diffuses more
rapidly than ethane. With larger molecules double bonds tend to
increase internal mobility.

Vasenim (76-78) has made a study of the effect of carbon chain
length, branching, and double bonds on the rate of diffusion of organic
compounds in rubber. He assumed that in each elementary diffusion step
the molecule moves through a distance equal to the diameter of a CH2
group and predicted that the diffusion coefficient is inversely
proportional to the number of atom groups and proportional to the

cross-sectional area of the diffusing molecule to a power greater

than one. The diffusion of a series of alcohols in polyvinylacetate
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follow the behavior predicted by Vasenin, however, further refinements
are necessary to account for the leveling-off of the diffusion
coefficient of the higher normal paraffins in rubber.

Evidence has recently been presented for the presence of a
microporous structure in certain amorphous polymers near or below
their glass temperature and in semicrystalline polymers above the glass
transition temperature (79). In semicrystalline polymers Matsuoka (79)
has suggested that microvoids are the result of the local volume
decrease accompanying the secondary crystallization of the intervening
amorphous phase between discrete spherulitic fibrils which were formed
during the rapid initial stages of crystallization. The distribution
of void size and shape in dependent on the manner of apherulite growth,
and may range from very small voids of the order of unit-cell dimensions
to voids of much greater size with nonrandom configurations.

A similar mechanism may explain the development of microporosity
in glassy amorphous polymers such as polyvinylacetate (80) and atactic
polystyrene (8l). When the temperature is lowered below the glass
transition temperature, the volume occupied by a polymer becomes
increasingly greater than the equilibrium volume of the equivalent
liquid, and since segmental mobility is low, the volume difference
must cause the formation of different density regions on the microscale.
Less densely packed regions correspond to voids within a surrounding
densely packed matrix. The effect of a microporous structure on the
solubility and permeability of a polymer depends upon the nature of the
penetrant within the void and the continuity of the path afforded by
the distribution of voids. It is convenient to distinguish between
two kinds of microporosity: cracks, pores, or other flows in gross

polymer structure and voids which are distributed more or less randomly.
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The presence of small cracks, channels or interconnected
micropores in the polymer structure permits penetrant convection
to occur as well as activated diffusion. The simultaneous convection
and diffusion of penetrant has been observed (80,81,83,84) and
mathematically treated by Frisch (82). When a homogeneous distribution
of noninterconnected microvoids are present in the polymer structure
and in the absence of penetrant clustering, the overall rate of
transport should increase somewhat due to the smaller structural
packing density. One would also expect that the probability that
a penetrant molecule can make a successful diffusion step to be
increased because of the presence of voids.

The activated diffusion process is a very specific one,
dependent on the solubility and mobility of the penetrant in the
solid. Capillary flow, on the other hand, does not show pronounced
differences for different gases unless the gas has dimensions comparable
to that of the capillary. The activated diffusion process is
characterized by a large positive temperature dependence, while the
temperature dependence for capillary flow is due mainly to changes
in gas viscosity and is small and negative.

The degree of crystallinity of a polymer can have a profound
influence upon its permeation properties. At temperatures well below
the melting point, crystalline regions of a polymer are generally not
accessible to penetrants (85-88). 1In semicrystalline polymers such as
polyethylene, sorption isotherms for a vapor or gas based on the entire
polymer being accessible for penetrant differ for different density
samples (85,86) and thus the effective composition must be computed
on the basis of the accessible amorphous content. For low concentrations

and in the absence of a significant amount of swelling or strong specific
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interaction, semicrystalline polymers have been treated as if they
were a two-phase mixture of liquid-like amorphous material and im-
penetrable crystallites.

The permeation rate in several amorphous polymers below or not
far above the glass transition temperature is markedly dependent on
the molecular orientation of polymer chains and their direction
relative to the direction of permeation (11,17,89-91). The rate of
permeation perpendicular to the orientation axis is greater than the
rate in a randomly oriented polymer, which is greater than the rate
parallel to the orientation axis. These effects may be due to
reduced capacity for an oriented sample to swell in the direction of
orientation. Brandt (92) has shown that the direction and magnitude
of changes in permeation of several gases due to stretching of polymers
having high initial degrees of crystallinity, such as nylon, poly-
ethylene and polypropylene, depends on the temperature and penetrant
used. He suggested that the primary factor affecting the magnitude
and temperature dependence of diffusion was the change in void content,

since changes in crystallinity on elongation were negligible.

VI. Non-Fickian Behavior

Below their glass transition temperature polymers with long
relaxation times often exhibit "non-Fickian" diffusion behavior,
especially with penetrants that cause extensive swelling. "Non-Fickian"
behavior cannot be adequately described by any generalized form of
Fick's law with constant boundary conditions and with the diffusion
coefficient dependent only on concentration (89). "Non-Fickian"
behavior haé been attributed to the diffusion coefficient being a

function not only of concentration but time and spatial coordinates,

or the boundary conditions time dependent or due to the simultaneous
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diffusion and convection of more than one concurrent activated
diffusion mechanism.

In many polymers "non-Fickain" behavior is considered to be the
consequence of the finite rates at which changes in polymer structure
occur in response to stresses imposed upon the medium before and

during the sorption process (93).
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Abstracted Data for Specific Polymers
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DIFFUSION DATA OF VARIOUS PENEIRANIS 1HRUUGIT Uivom ML o,

DIFF'ISION THROUGH VINYLIDENE CHLUKIDE=ACryiLuNnT inILE

TeD POL PEN DIF COEF T(KEL) DEnSTIY D(suUB v) E StAIF
48001 7 5 3420 E=10 298 4y 2v2uu 3
48001 7 5 2420 E=10 298 6u 2v2pu 3

48001 7T 5 1460 E=9 313 4y 2v20u 3



PIFFUSION THROUGH LFXAN

1eD POL PEN
63006 10 11
63006 10 11
63006 10 11
63006 10 11
63006 10 11
63006 10 11
63006 10 11
63006 10 11
63006 10 14
63006 10 14
63006 10 14
63006 10 13
63006 10 1>»
63006 10 13
63006 10 13

63006 10 13
63006 10 21

63006 10 16
63006 10 16
63006 10 16
63006 10 16
63006 10 16
63006 10 17

63006 10 17

DIF COFF
5030 E=9
1.50 t'a
3430 E=8
6.40 E=-8
1.20 E-7
2410 E=7
3030 Ee=?7
5030 E‘?
3.00 E=7
6s40 E=7
1.10 E=6
6470 E=9

(-.-l.o

540 E=8
l1¢30 E=7
2040 E=7
200 E=7
1420 E=9
4.80 E-9
Le20 L=0o
4470 E=8
1400 E=7
2450 E=8
1400 E~13
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T(KEL) DEnNSIIY D{suB u)
273
298
323
348
373
398
4213
448
273
298
323
273

323
348
373
398
273
298
348
373
448
298

E
6uuu

5000

7700

uuu

U0V

2UUuU

ST1AF
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DIFFUSTION THROUGH FPOXY KESIN

TeD
63003
63003
63003
63003
63003
63003
63003
63003
63003
63003
63003
63003
63003
63003
63003
63003
630¢3
630071
63003
63003
63003
63003
63003
63003
63003
63003

POL

16
16
16
16
16
16
16
10
16
16
16
16
16
16
16
16
11
11
11
11
11
11
11
11
11
11

PEN
19
19
19
19
19
14
14
1w
14
14
20
20
20
20
20
21
14
14
14
14
14
14
18
18
18
18

DIF COFF

8,96
5452
44,22
3434
2435
7Te16
5.97
332
2411
3449
EXYL}!
2447
1,84
1,56

«96
2460
3643
3457
44,67
562
{«eO)
3405
3470
44,53
5e72

F=7
E=7
E~7
E=7
E=7
E=7
L=7
E=7
E=7
E=6
E=6
E=6
E=6
=6
=7
E=7
E~7
E-7
E=7
E=7
=1
e—7
E=7
E=7
E=7

T(KEL)
328
320
313
306
299
328
320

306
298
328
320
313
306
298
323
292
2913
298
3u3
308
293
298
303
308

DENSITY D(SUB 0)

E

SIAIF



DIFFUSION THROUGH HBUTALIE Wt SIY. L' w

leD

390C?
39001
39001
39001
39001
39001
39001
39001
39001

POL PEN
18 21
18 21
18 21
18 21
18 11
18 11
18 11
18 11
18 11

DIF COEF

2437
5.06
9450
1,53
3480
€.80
l.11
1,75
3.04

E=7
E=?
Ee=?7
E=6
E=7
E=7
E~6
E=6
E=6
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T(KEL) DEnSTIY D(SUB U)

293
308
323
347
293
3013
.314
324
338

0693
0e93
0493
0e93
1,84
1,84
1,84
1,84
1,84

£
890u
890uv
8900V
890u
00V
Quou
Juuu
Supu
Suuu

v
>
-n

o IR IR IR A i R
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PIFFUSION THROUGH GUTTA »FEwxCHA

TeD
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
470Cc2
47007
47002
47002
47002
47002
47002
47002
4100¢c
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
47002
4100«

POL

19
19
19
19
19
19
19
1y
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
1y
19
19
19
19
19
19
19
19
19
19
19
1Yy
19
19
19
19
19
19

1.

PFN
14
14
14
14
14
la
14
ia
14
14
14
14
16
16
16
16
16
16
16
16
16
16
16
16
21
21
21
21
21
21
21
21
21
21

21
13

13
13
13
is
13
13
13
13
13
13

e

DIF COEF

3450
4420
5«00
6420
7660
9420
1,15
¢¢10
2460
3.10
3e40
4400
3010
4,10
4470
6.60
8420
1,10
1470
4410
4,90
570
6.50
780
3.20
44,10
5400
0.00
8.70
l.20
1.80
4420
5400
5670
"+ 00

7480
4440

5470
7400
8490
l.:.O
1.60
2430
530
6450
7650
8430
L e O

E=6
E=6
E=6
E=6
E=6
k-6
E-5
-a
E=5
E=5
E=5
E=5
E=7
E=7
L=7
E=7
E=7
E=6
E=6
E=6
=6
t=6
F=6
E=6
E=7
E=7
e=7
,,__’i
E=7
E-6
L_"6
e~6
E-6
t=6
E=6
E=7
E=7
£=-7
E=7
E-6
E=6
E=6
L=6
\_"6
c=6

T{KEL)
290
294
298
3013
308
312
316
220
328
333
338
343
290
294
298
3013
308
312
316
323
424
333
338
343
290
294
298
200
308
312
316
323
328
333

343
290

294
298
303
-0

312
316
323
328
333
338

DEnSTIY D(SUB u)

E

v
>
m

FEPEPPPPPPERPPPEPPEEEPED S R R R Sl R g

E IR N X R I BN R R ¥

&4 00



DIFFUSION THROUGH Teriun- .

TeD

63002
63002
63002
63002

POL PFN
21 24
21 16
21 23
21 17

DIF COEF
3.50 E=9
1.20 E=?
1.50 E=8
9.70 E=9

-36-

T(KEL) DENS+TY
266
290
290
351

D(suB 0)
s 16
25
«?1
1.72 E1l

DIFFUSTON THROUGH COPOLYMFR OF TEFLON 89 AND 852

TeD

63002
63002
63002

DIFFUSION THROUGH TEFLON 89

I.D
63002

POL
107
107
107

PEN
16
17
23

POL PEN
106

23

DIF COEF
Be0DO E=7
2400 E=8
9.00 F=8

CIF COFF
5400 E=9

T(KEL) DENSITY C{suB 0)

350
364
350

312

TehS
6483 F1
3480

T(KEL) DENSITY D(suUB 0)

W46

E
9500
8400
9600

14600

11000
15800
12000

E
11400

STATF

STATE

STATF
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DIFFUSTON THROUGH BUTADIENF-METHYLMETHACRYLATF

1.D

39001
39001
39001
39001
39001
39001
39001
39001
39001

POL PEN
23 11
23 11
23 11
23 11
23 11
23 21
23 21
23 21
23 21

DIF COEF

3440
6420
1,12
1,86
3409
4410
9420
1460
2,90

E=7
E=7
E=6
E=6
E=6
E=7
E=7
E=6
E=6

T(KEL) DENS+TY C¢tsuB 0)

293
304
312
325
335
313
328
339
351

15,10
15,10
15,10
15,10
15,10
38,0
38,0
38,0
38,0

E
10300
10300
10300
10300
10300

11500 .

11500
11500
11500

STATE

R S T IR N R o )
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DIFFUSION THROUGH POLYPROPYLENE

1eD
64001
64001
64001
66001
66001
66001
66001
6600,
66001
66004
66001
66001
66001

POL PEN
20 133
¢0 s>
20 133
20 21
20 16
20 72
20 11
"0 "0
20 21
20 16
20 93
20 11
20 10

DIF COFEF
e27 E=8
R

4430 E-8

2¢404 -5

3437 t-5

Te30 E=5

5.18 C“S

3451 E-5
4425 -5
4402 E=5
Ta40 E=5
1405 E=4

T(KEL) DENSITY D(SUB 0)
287
313
461
461

461
461

461
461
461
461
461

E
19800

STATE



DIFFUSION THROUGH NEOPKENE

I.D

39001
39001
39001
39001
39001
39001

39001
39001
39001
39001
39001
39001
39001
39001
39001
39001
58001
58001
58001
58001

POL PEN
26 21
26 21
26 21
26 21
26 21
26 21
26 11
26 11
26 11
26 11
26 11
26 14
26 14
26 14
26 14
26 14
26 74
26 74
26 74
26 74

DIF COEF

1,90
3.40
9.60
1,80
4450
3430
7.80
1445
2653
4,84
3.70
1.03
1.80
2697

¢33

s78
1410
1,88

E=7
E=7
E=7
E=7
E=6
E=6
E=7
E=7
E=6
E=6
E=6
E=7
E=6
E=6
E=6
E=6
E=7
E=7
E=7
E=7
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TCKEL)Y DENSITY D(SuUB 0)

300
308
317
327
338
358

309
326
335
347
359
273
290
300
309
320
3113
323
333
343

79,0
79,0
79,0
79,0
79,0
79,0
54,6
54,6
5446
54,6
54,6
9,0
9,0
9,0
7,0
9,0

E
11900
11900
11900
11900
11900
11900
11700
11700
11700
11700
11700

9250
9250
9250
9250
9250
12700
12700
12700
12700

STATE

SfEPPPPELPPPPEEREEDL



DIFFUSTON THROUGH POLYVINYLCHLORIDE

TeD

58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
580013
58003
58013
580CH
58003
58003
58003
58003
58003
58003
58003
58003
580013
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003

58003
58003
58003

58003
58003
58003
58003
58003

POL PEN
28 27
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 26
28 29

DIF COFfF

1.15
6¢50
700
8.90
1,10
1,15
1.20
780
8,90
9.90
1,23
1,34
leb4
9.70
1,09
1,22
1,29
1,44
1,64
ls14
1.31
1,46
1,63
1,86
2402
1,42
1,51
1,66
1.81
1,88
2428
1,83
2409
2623
2455
2.86
2.18
2436
2449
2464
2476
2498
3419
3453
3,79
4,408
4415
4442

«97

E=8
E=9
E=9
E=9
E=8
E=8
E=8
E=9
E=9
E=9
E=8
E=8
E=8
Emg
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E~8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=~8
E=8
E=8
E=8
E=~8
E=8
E=8
E=8
E~8
E=8
E=8
E=8
E=8
E=8
E=9

-40-

T(KEL) DENS+TY D(suB 0}

323
304
304
304
304
304
304
308
308
308
308
308
308
313
313
313
313
313
313
318
318
318
310
318
318
323
323
323
3213
323
323
328
328
328
328
328
328
333
333
333
333
333
333

343
343

343
343
343
343
304

4enn E=9

56 E=9

7420

8.70

1,18

1,97

2491

«77

E=-9

£
2640
940
11,0
15,0
1940
2140
2240
Te0
940
11,0
15,0
17.0
1940
640
840
1040
1240
14,0
1640
540
740
9.0
+e0
13,40
15,0
4640
560
60
840
1040
12,0
440
5e¢0
740
840
1040
11,0
340
4a0
560
740
840
940
240
3.0
4,0
5e¢0
640
Te0
445

STATE



58003
S80013
58003
58002
580CH
580073
58003
58003
58003
58003
58003
58003
88003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
580013
58003
580013
58003
58003
58003
58003
58003
%8003
58003
58003
58003
58003
58002
580C"
58003
58003
58003
58003
58003
58003
58003
58003
%8003
58003

28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28

29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
27
27
27
27
27
27
27
27

1,20
1,42
1460
1.79
2403
1,20
1642
1672
2.08
2461
3400
le46
1.78
2:12
2642
2495
4417
2,11
deldl
3,11
44,00
4440
270
2.80
3.60
3.80
4460
5440
3450
3480
4430
5400
5690
6470
4450
4480
530
6440
6.80
7«30
7650
T.80
8440
9430
9.40
9,90
4,70
4490
510
520
4490
5640
630
6.70

E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
Emy
E=9
E=9
E=9
E=9
E=9
F=9
E=9
E=9
F =9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9

-41-

304
304
304
304
308
308
308
308
308
308
308
313
313
313
313
313
313
318
J10
318
318
318
323
323
323
323
323
323
328
328
328
328
328
328
333
3313
333
333
333
333
343
343
343
343
343
343
308
308
308
308
313
313
313
313

«82

l.02

l.66

2.09

2.81

3460

4,70

E-9

E-9

6.8
845
1045
1245
14,5
4460
640
80
1040
1240
14,0
20
440
640
Bs0
1040
12.0
245
Te5
945
1045
20
340
540
640
8e0
940
20
340
440
660
70
8e0
le0
240
3.0
540
640
Te0
le0
le5
20
340
G440
5e0
2040
2440
32.0
3640
12.0
1640
24,0
2840



58003
580013
58003
580013
58003
58003
58003
58003
58003
58003
580013
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
580r2
580CA
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
580073
58003
58003
58003
58003
58003
58003
58003
58003
58003

28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28

27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
30
30
30
30
30
30
30
30
30
30
30
30

7620
570
6450
6490
8.00
8470
9.20
T«.00
Te60
9.00
9490
1,18
8440
9.20
1.00
1,17
1,31
1.38
1,05
l.10
1,21
1433
1,53
1.60
1,32
1,35
1,48
1457
1.80
1.88
1,61
1,72
1,79
1,99
2602
2416
195
2.08
2420
2426
2409
2¢65%
2,08
2040
2470
3.10
4410
2430
270
3.20
3,70
4440
510

E=9
E=9
E=9
E=9
E=S9
E=9
F=9
E=9
E=9
E~9
E=9
E=~8
E=9
E=9

E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E=8
E-8

E=8
E=~8
E-8
E=8
E~8
E=8
E=8
E=~8
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9

-42-

313
318
318
318
318
318
318
323
323
323
323
323
328
328
328
328
328
328
333
333
333
333
333
333
338
338
338
338
338
338
343
343
343
343
343
343
348
348
348
348
348
348
308
308
308
308
308
308
313
313
313
313
313
3113

4460

9440

le12

le48

1.81

1e57

E-9

E~-9

3640
1040
14,0
1840
2640
3060
3240
B840
11.0
1740
2040
2840
Te0
1040
13,0
1940
2240
2440
Se0
Te0
11,0
1540
19,0
2040
440
6e0
1060
12.0
1640
18,0
440
660
840
1240
14,40
16,0
340
50
760
Ge0
1140
13,0
1l.0
15,0
1940
23,40
2740
35,0
940
13,0
17.0
2140
25,40
29,60



58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
580073
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
58003
580013
580C1

28
28
28
28
28
28
28

28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

3400
3450
4400
4460
5440
6420
4440
5.20
6.10
1,72
650
Tel0
7«90
Bs70
9460
1,03
8.10
8.80
9460
1.05
1,14
1.25
3.30
3480
4440
5400
6670
8.80
1416
5450
6460
8.00
9450
1.36
6450
7460
8.90
1,05
6450
Te50
8470
1,01
1,18

E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=8
E=9
E=9
E=9
E=9
E=9
E=8
Ew=9
E=9
E=9
E=8
E=8
E=8
)
E=9
E=9
E=9
E=9
E=9
E=8
E=9
E=9
E=9
E=9
E=8
E=9
E=9
E=9
E=8
E=9
E=9
E=9
E=8
E=8

-43-

323
323
323
323
323
323
333
333
333
333
343
343
343
343
343
343
348
348
348
348
348
348
323
323
323
323
323
323
323
338
338
338
338
338
348
348
348
348
353
353
353
353
353

3450

5660

Ten0

2417

4470

E=9

E=9

6e0
90
1240
1540
1840
2140
460
Te0
1040
13,0
3.0
540
Te0
Fe0
11.0
1245
245
440
55
9.0
1040
1140
340
440
540
640
840
1040
1240
3.0
440
Se0
60
840
240
340
440
50
1e0
20
340
4eD
540



-44-

DIFFUSTON THROUGH BUTYL RUBRER

TeD

58001
58001
58001
58001
58001
58001
58001
58001
58001
61004
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003

POL PFN
33 74
33 74
33 74
33 73
33 713
33 73
33 75
33 75
33 75
33 10
33 14
33 14
33 14
33 14
33 14
33 14
33 14
33 21
33 21
33 21
33 21
33 21

DIF COEF

2.85
2486
2.93
1402
l.40
1.94
1,41
1,98
3.16
5690

o4l

«80
1452
2441
4,38
8.24
1476

o445

90

22

56
1.70

E=7
Fa?
E=7
E=?
E=7
E=7
E=7
E=7
E=7
E=5
E=6
E=6
E=6
E=6
E=6
E=6
E=5
E=7
E=7
E=6
E=6
E=6

T(KEL) DENS+TY D(suBR 0) £
323
323
323
313 6800
323 6800
333 6800
313 8400
323 8400
333 8400
298 5800
273
285 8700
298 8400
308 8200
323 7500
343 6800
373
298 3e40 E1
308 12200
323 11400
343 10000
373

STATE

l.51
2439
4429



-45-

DIFFUSTON THRNAUGH RURBER A{e1 MOLE(VINYL GROUP))

1D
61005
61005
61005
61005
61005
61005
61005
61005
61005
61005
61005
61005
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001
20001
20001
20001
20001
20001
47001
47001
47001
47001
47001
47007
47001
47001
47001
47001
47001
47001
47001
47001
47001
47001

POL

34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34

PEN

10
13
11
16
87
21
12
35
101
102
22
17
26
26
26
26
26
28
28
28
28
28
29
29
29
29
29
27
27
27
27
27
13
56
57
16
14
21
21
21
21
21
21
21
21
21
13
13
13
13
14
14
14

DIF COEF
2164.E=~7
17.3€E=-7
13,6E=~7
12,56~-7
13.56-7
11.75"7
809E-7
“QOF-7
540F=7
3,1E=7
1415E-7

584
6.83
8.49
1,07
1.29
2.83
3453
4432
532
6440
4,81
5.98
T«T1
Se40
1.15
4448
5468
6,92
8,48
1,02
0.95
1,21
072
0.85
7623
1,21
1.41
1,75
1.86
1,72
2612
2,68
3.02
3.06
1.88
2.07
2468
34069
1,23
letss
1,70

E=6
E=6
E=6
E«5
E=5
E=6
E=6
E=6
E=6
E=6
E=6
E=b
E=6
E=6
E=5
E=6
E=6
E=6
E=6
E=5
E=6
E=6
E=6
E=6
E=6
E=6
E=6
E=6
E=6
E=6
F=6
E=6
E=6
E=6
E=6
E=6
E=6
E=6
E=5
E=5
E=5

298
298
298
298
298
298
298
298

298

298

298
3013
313
323
333
343
303
313
323
333
343
303
313
323
333
343
303
313
323
333
343
290
290
290
290
290
298
303
308
308
308
313
318
323
323
303
308
313
318
303
308
313

9
8
o1
o1
374
165
ol
1.0
ol
5
440
442
o2
ol
ol
ol

4,490

2440

1.70

6e40

T(KEL) DENS+TY D{sUR 0)

E=5

T72.9
73,8
7440
5641
74,9
7145
7567
7243
The9
T4.8
74,9
T4e?2
T4e1
T449
7446
7644

E

4200

4200

4000

4300

STATE

523
6451
8.02
9464
ls19
2¢49
3,06
3472
4,43
5495
3.83
4475
5478
6697
8.38
4436
5.58
7403
8678
1,09

SEPPrPEEPRPPRPEEPPRPEEERPERPEEES

mmMmMmMmmMmMmMmMmMmMmMmMmmMmMmmMmMmmMmmMmmmm
|
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47002
47002
47002
47002
47002
47002
47002
47002
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
50003
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001

34
34
34

34
34

34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34

14
14
16

16
21

21
13
13
16
16
64
64
65
65
13
13
10
10
10
10
10
10
10
21
21
21
21
21
21
21
14
14
14
14
14
14
14
14
14
26
26
26
26
27
27
27
27
29
29
29
29
28
28
28
28

1.05
220
1.05
3.20
1.15
3.70
1.75
%490
110
3450
4467
1.63

«18

072
1,58
4470
1,00
1,50
2416
277
3.80
5634
Te21

22

e52
l1.10
1,82
242
6.63
1,30
1.02
2622
1,30
3.70
6420
1,02
1,42
2622
3.71
2632
44,28
7615
1612
2.28
4424
1.00
1.50
2475
4465
Te33

o 72
1.“1
2455
4424

E=5
E=6
F=b
E=6
E=6
E=6
E=6
E=6
E=6
E=7
E=6
E=6
E=6
E=6
E=6
E=5
E=5
E=5
E=5
E=5
E=5
E=5
E=6
E=6
E=6
E=b6
E=6
E=6
E=5
E=5
E=5
E=6
E=6
E=b
E=5
E=5
E=5
E=5
E=7
E=7
F=7
E=7
E=7
E=7
E=7
E=6
E=7
E=7
E=7
E=7
E=7
E=7
E=7
E=7

-46-

298
323
298

323
298

323
298
323
298
323
298
323
298
323
298
323
273
28%
298
308
323
343
373
273
285
298
308
323
343
373
298
323
255
273
285
298
308
323
343
303
313
323
333
303
313
323
333
303
313
323
333
303
313
323
333

3.7
3.7
443
443

1,94
1.94

8900
8900
9500
3500

8300
B300

5100
4700
4400
4000
3300

10700
9400
8800
7900
6600

7100
6700
6300
6000
5800

R IR IR R - R
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55001
55001
55001
55001

34
34
34
34

30
30
30
30

«%1 E=7
2.27 E=7
4440 E=7
Telb E=T7

-47-

303
313
323
333

EogR P ol



~48-

DIFFUSTON THROUGH POLYVINYLALCOHOL

T.D POL PEN DIF COFF T(KFL) DENSITY D(SUR O) E STATE
57002 35 10 1441 E=5 313

57002 35 10 1,00 E=5 303

57002 3% 10 «89 E=5 294

57002 35 10 7495 E=6 286

57002 35 13 1426 E=7 313

57002 35 13 56 E=7 303

57002 35 13 ¢33 E=7 294

57002 35 13 2,08 E=8 286

57002 3% 72 o T4 E=8 313

57002 35 T2 2482 E=9 303

57002 35 72 1.58 E=9 294

57002 35 72 7495 E=10 286 ‘
61004 35 21 4,50 E=8 287 90
61004 35 16 4,76 E=8 296 94
65002 35 14 2,06 E=6 TIME LAG METHOD

65002 35 14 1.93 E=6 STEADY STATE METHOD

65002 35 14 2,01 E=6 SLOPE OF PLOT METHOD

67001 35 133 «50 E=10 313 «15 E=10 e 06

67001 35 33 1.20 E=10 313 «30 E-10 07

67001 35 33 2,75 E=10 313 «55 E=10 «08

67001 35 33 5,75 E=~10 313 1,00 E=10 « 09

67001 35 138 «10 E=8 313 «05 E=8 ¢ 05

67001 35 38 «30 E=8 313 +06 E=8 « 06

67001 35 38 «75 E=8 313 010 E=-8 o 07

67001 35 38 1.75 E=8 313 «40 E=-8 08

67001 35 38 3,75 E=8 313 «%90 E=8 T «09

67001 35 94 «70 E=8 313 «15 E=8 « 04

67001 35 94 1,80 E=8 313 e45 E=8 «05

67001 35 94 5,10 E=8 313 l.10 E=8 «06

48001 35 5 «51 E=10 298 40 14300 3
48001 35 5 1425 E=9 298 60 14300 3
48001 35 5 e12 E=9 309 40 14300 3
55002 35 5 1466 E=11 313 4 19
550072 35 5 1l.66 E=10 313 4 35



-49-

DIFFUSION THROUGH CFLLULOSF ACFTATE

TeD

61003
61003
61003
61003
61004
61004
48001
48001
48001
56002
56002
56002
56002
56002
56002
56002
56002
56002
56002
56002
56002
56002
56002

POL

36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36

PEN
38
38
38
38
16
16

5

5

5
71
71
71
71
71
71
71
71
71
71
71
71
71
71

DIF COEF

1,15
4,80
1.30
200
1.63
2440
3.10
2490
8430

37

74
1.00
1440
1.60
3.00
5405

«75
2.20
2440
2.80
3¢40
7620
l.44

E=8
E=8
E=?
E=7
E=8
E~8
E=9
E=8
E=8
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=8

TUKEL) DENSITY D(suB 0)

298
298
298
298
293
293
298 40
298 60
313 40
273
298
303
303
303
318
333
273
303
303
303
303
318
333

DIFFUSION THROUGH CELLULOSF ACETATE(37.9(ACETYL))

TeD

55002
55002
55002
55002
55002
55002
55002
55002

76
76
76
76
76
76
76
76

POL PEN

(S LSRG IRC IRN IR JEE N

DIF COFEF

«30
¢332
«45
«38
¢35
b3
«45
«43

E=7
Ew7
E=7
E=7
E=7
E=7
E=7
E=7

T(KEL) DENSITY D(suB 0)
313
313
313
313
313
313
313
313

F

12000
12000
12000

E

STATF
15

FEEPTPPLPPPPPRPREPESTLWLWY

STATF
18
19
35
35
18
18
36
37

LR o

716
704
176
462
703
735
695
711

68
151
355
728
742
728

12,4
1244
1244
12.4
1348
13,8
13,8
13,8



-50-

NIFFUSTON THROUGH POLYSTYRFNE

T1eD

62001
62003
62003
62003
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48002
48007
48002
48002
49001
49001
49001
49001
49001
49001
49001
49001

POL PFN
37 12
37 12
37 12
37 12
37 21
37 21
37 21
37 21
37 21
37 21
37 21
37 21
37 21
37 21
37 21
37 14
37 14
37 14
37 14
37 14
37 14
37 14
37 14
37 14
37 14
37 14
37 14
37 14
37 14
37 14
37 14
37 14
37 14
37 14
37 34
37 34
37 34
37 134
37 34
37 16
37 16
37 16
37 9
37 9
37 9
37 9
37 9
37 9
37 9
37 9

DIF COFEF

8450
1,20
3.10
44,00
3,63
2493
2450
1,69
1,10
1419
1,06
«52
e 27
«10
«04
6,68
4,450
3415
241
l1.66
90
68
e 96
+65
29
1s10
1.30
59
1.20
1,10
1,35
«80
«60
¢35
6e44
1447
oT1
o48
042
3490
2445
2¢11
24
44,37
T.97
1,71
1.99
3.26
8,46
9.72

E=6
E=5
E=5
E=5
E=6
E=6
F=6
E=6
E=6
E=6
E=6
E=6
E=6
E=6
E=7
E=5
E=5
E=5
E=5
E=5
E=5
E=~5
E=5
F=5
E=5
E=5
E=5
E=5
E=5
E=5
E=5
E=5
E=5
E=5
E=6
E=6
E=6
E=6
E=6
E=6
E=6
E=6
E=11
E=12
E=12
E=~11
E=11
E=11
E=11
E=11

T(KEL)

100
125
150
175
463
454
443
433
422
421
411
393
368
349
293
464
450
4130
422
407
392
381
368
348
313
351
350
343
358
357
354
345
340
307
483
435
421
393
391
459
450
438
298
298
298
298
298
298
298
298

DENSITY D(suB 0)

270
280
280
282
110
200
272
206
160
205
134
108
205
108
108
106

STATE

sdPEPPEEPRPPRPEREEPRPPEPRERPPRPREESPEPEPPRPEPRPEPREPPEREREPEPEREPEPEEPRPERPRERPEREEEREERES



50002
50002
50002
50002
50002
50002
500072
50002
500072
50002
50002
50002
50002
50002
500072
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
50002

37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37

59
59
59
59
59
59
59
59
60
60
60
61
61
61
61
61
61
61
61
61
61
61
61
61

62
62
62
62
62
62
62
62
62
43
43
63
63
63
63
63
63
63

63
63
63

2460
5410
1.13
1.93
3.38
4446
8425
1.75
1,33
3445
9.90
2.06
349
1,42
3.9‘4
T840
1.59
Te31
1.34
2470
470
1.00
1.61
2473
8.50
1,86
5.03
560
1.60
1.91
3460
7415
1.86
4.91
8460
1,79
093
1.27
1.7’4
2440
3427
44,51
6419
2,05
3.00
be42
646

E=11
E=11
E=10
E=10
E=10
E=10
E=10
E«9

E=12
E=12
E=12
E=11
E=11
E=10
E=10
E=10
E=9

E=11
F=10
E=10
E=10
E=9

F=9

E=9

E=12
E=11
E=11
E=11
E=10
Ew=ll
E=11
E=11
E=10
E=10
E=14
E=13
E=10
E=10
E=10
E=~10
E=10
E=10
E=~10
E=10
E=10
E=10
E=10

-51-

298
298
298
298
298
298
298
298
298
298
298
288
288
288
288
288
288
298
298
298
298
298
298
298
298
298
298
298
298
308
308
308
308
308
298
298
288
288
288
288
288
288
288
298
298
298
298

« 0380
e0490
¢ 0620
«N710
¢7810
«NAR3D
e 0040
«1n80
«0R3
e098
«113
« 030
« 043
2073
«090
0101
¢1n8
e042
086
+ 087
«076
«087
0093
o102
¢ 049
+ 065
+083
« 084
s 095
053
0062
NT72
2783
¢ 095
0053
e071
«038
0045
¢)51
+059
« 066
073
¢ DRD
+ 0138
« 045
081
¢ 059



50002
50002
50002
50002
50002
50002
50002
50002
50002
50002
51001
51001
51001
51001
51001
51007
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001

37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37

. 37

37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37

63
63
63
63
63
63
63
63
63
63
66
66
66
66
66
67
67
67
67
33
33
33
33
33
68
68
68
68
68
69
69
69
69
70
70
70
70
62
62
62
62
62
62
62

9,63
1,48
2459
5468
8.79
1,37
2421
3,56
6.08
1,23
9.30
1,54
2459
5631
9.87
44,53
1.50
3.89
6.17
8,24
1,23
1,76
3.95
Ta05
1.73
2453
4,48
7400
1,33
1,28
2.74
6417
1.37
3.58
1,65
275
7e60
2455
2.80
Te26
1,17
l1.70
2460
44,94

-52-

298
298
298
308
308
308
308
308
308
308
298
298
298
298
298
298
298
298
298
298

298
298
298
298
298
298
298
298
298
298
298
298
298
298
298
298
298
298
298
298
298
298
298
298

2066
« 073
« 080
+0138
0045
e051
« 059
s 066
o073
« 080
3.7
6.3
845
1041
11,3
2840
3542
43,6
5447
5e0)
6e¢5
Te9
9.1
10.8
445
640
840
1040
11,1
50
6.0
6,8
845
5¢0
642
Tel
8e4
5¢0
Te0
846
St
11l.0
12,0
13,5



DIFFUSTON THROUGH CELLULOSE

TeD

580n5
58005
5800%
58005
58005
58005
58005
58005
58005
58005
58005
58005
58005
58005
58005
58005
58005
58005
58005
58005
580095
58005
66002
66002
66002
66002
56002
56002
56002
56002
64006
64006
64006
64006
64006
64006
64006
64006
64006
64006
65001
65001
65001
65001

PoOL
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
47
47
47
47
47
47
47
47
47
47
47
47
47
47

PEN
58
54
95
36

005

0n5

005

005

005

005
58
54
95
36
58
54
95
36
58
54
95
36

5
5
5
5
71
71
71
71

90

90

90

30

90

90

90
91
91
91
92
92
92
92

DIF COFF
10,3E-5
2 03F"5
1.06E-5
047E‘5
37 4F=5
L2 ,F=5
450 E"S
53.E“5
63 4F=5
67eE~5
ZQSF-S
1416F=5
073E"5
«58F=5
087F‘5
+33F=5
[ ZOF"S
Te37FE=5
1,95F=5
¢« 70F=5
«39F=5

3447
3424
3.12
278
1460
8460
9.50
1,34
2416
4460
5670
9440
4,20

3.00
1,66
6492
T77
3464
1.30
2627

60

E=10
E=9
E=9
E=9
E=12
E=12
E=12
E«11
E=9
E=11
E=11
E=10
E=10

E=~10
E=8
E=10
E=11
E=9
E=9
E=9
E=9

-53-

T(KEL)

303
303
303
303
293
298
301
30645
311
313
303
303
303
303
303
303
303
3013
303
303
303
303

318
323
328
333
363
323
323
298
294
369
303
363
324
298
363
348
363
348

DENSITY D(suUB 0)

0
0
5
5

«03
10
20
32

STATF

NN OO0 Qb =W W W

PR o S

732
714
699
695



-54-

PIFFUSTON THROUGH POLYVINYLACETATFE

TeD POL PEN  DIF COEF T(KEL) DENSITY D(sUB 0) E STATE
550n2 41 5 127 E=7 313 4 22 2645
55007 41 5 135 E=7 313 4 23 2645
5500 4] 5 135 E=7 313 4 29 26,5
55002 41 5 1427 E=7 313 4 30 2645
55002 41 5 1423 E=7 313 4 35 2645
55002 41 5 1433 F=7 313 4 36 26,5
55002 41 5 93 E=7 313 4 44 26,5
55002 41 5 «10 E=6 313 4 45 2645
55002 41 5 «92 F=7 313 4 46 2645
55002 41 5 29 E=7 295 4 16 2645
55002 41 5 53 E=7 303 4 14 26,5
55002 41 5 W47 E=7 3013 4 23 2645
55002 41 5 2425 E=7 324 4 41 26,45
55002 41 5 2e33 E=7 324 4 63 26,45
61004 41 10 1.00 E=4 298 5350

61004 41 14 2,60 E=5 298 7500

64005 41 42 1,00 E=9 313 201

84005 41 42 9.00 E=~8 313 « 05

64005 41 42 Be20 E=7 313 «08



-55-

NDIFFUSTON THROUGH CFLLULOSF NITRATFE

TeD POL PEN DIF COEF T(KEL) DENSITY D(SUB 0)
61004 42 16 9,00 E=9 293
61004 42 16 5,60 F=9 293

PIFFUSTION THROUGH CFLLULOSFE NITRATE(10(N))

TeD POL PEN DIF COFF T(KFL) DENSITY D{SuB n)
55002 77 5 ¢18 E=7 313
55002 77 5 «23 E=7 313
55002 77 5 «22 E=7 313
55002 77 5 20 E=7 313
55002 77 5 3.84 E=-8 313
55002 77 5 3468 E=8 313
55002 77 5 3.84 E=8 313

DIFFUSION THROUGH NITROCELLULOSF

1D POL PEN DIF COEF T(KFL) DENSITY DtsuB 0)
61006 108 10 298 6627
61006 108 21 1,93 E=5 298 2490
61006 108 13 1.50 E=4 298 2.16
61006 108 11 1,00 E=5 298 1610
61006 108 16 2.36 E=5 298 3.21
61006 108 89 1,16 E=6 298 2463
61006 108 86 64,74 E=6 298 1,15
61006 108 5 298 3.82
61006 108 35 1,73 E=7 298 1,90
61006 108 22 e23 E=7 298 31
63004 108 22 «16 E=10 298  1.46

63004 108 26 0.0 298 le46

63004 108 35 1,18 E«~10 298  1.46

63004 108 16 1,62 FE=8 298 1.46

63004 108 B89 7,90 Fa=l0 298 1.46

63004 108 86 4,62 E=9 298 1.46

63004 108 5 298 14,46

63004 108 13 1.03 E=7 298 14,46

63004 108 11 6,87 F=9 298 1.46

63004 108 10 298 1446

63004 108 21 1,29 E=«8 298 1.46

!
~N~NdWVvuamouvapdoaonm

21
0¢0
1430
2021
1480
7Te86
2662
1.50
Te53
4431
1,93

Lol R SR S R R

m mm
LI T T I B

mmMmmmmm
ONONDD OO D

STATF

STATF

19
19
36
36
27
35
45

Beb62
8462
Be62
8.62
19,7
19,7
19,7



-56-

DIFFUSION THROUGH NYLON(DRAWN)

TeD

48001
48001
48001
55002
55002
55002
55002
56002
56002
56002
56002
56002
56002
56002
56002
56002
56002
56002
56002
56002
59001
59001

POL PFN
43 5
43 5
413 5
43 5
43 5
43 5
43 5
43 71
43 71
43 71
43 71
43 71
43 71
43 M
43 71
43 71
43 71
43 71
43 71
43 71
43 16
43 16

DIF COEF

1,2
242
3.4
«50
«50
o613
«67
3.00
600
3.90
5640
4450
4,90
500
1,60
6400
5430
1e50
1,70
2400
18
45

E=9
E=9
F=9
E=8
E-8
F=8
F=s
E=10
E=10
E=10
E=10
E=10
F=10
E=10
E=9
E=9
F=9
E=8
F=8
F=8
E=9
F=9

T(KFL) DENSITY D(syyB 0)
298 40
298 60
313 40
313
313
213
313
303
3013
303
303
303
303
302
218
333
333
348
348
353
277
298

DIFFUSION THROUGH NYLON({UNDRAWN)

TeD

59001
59001
61004
64004
64004
64004
64004
64004
64004
64004
64004
64004

POL PFEN
96 16
96 16
96 16
96 5
96 5
96 5
96 5
96 5
96 5
96 5
96 5
96 5

NDIF COFF

«18

«83
1.80
2420
7450
3.00
3400
7400
4400
8.00
€400
3400

E=9
E=9
E=7
E-8
E=8
E-8
E=8
E~8
E-8
E=-8
E=8
E=7

T(KFL) DENSITY D(suB 0)
277

298

303

298 1 1
298 2 1
298 3 1
298 1 3
298 2 3
298 1 5
298 3 3
298 2 5
298 3 5

DIFFUSION THROUGH POLYAMIDFE-~NYLON 66

14D

61002
61002
61002
61002

POL PEN
104 5
104 5
104 5
104 5

DIF COEF

2630
1,20
3.60
2470

E=10
E=10
E=«10
E=10

T(KEL) DENSITY D(suB 0)
303
298
303
298

F
13300
133n0
13300

2400

E
6700

E

STATE

36
19
36

+SEPEEPEREEPRPPRPRPEPEPRPSEERPEPEEPREPVLVDOLOW

STATF

STATE

20
20



DIFFUSTION THROUGH MYLAR

TeD

56002
56002
56002
56002
56002
62004
62004
62004
62004
62004
62004

POL PFN
45 71
45 71
45 M
45 71
45 71
45 5
45 5
45 5
45 5
45 5
45 5

DIF COFF

1.30
8410
1.01

2484
6.15
3.99
3.95
3499
3,95
3.81
3.95

E=11
E=11
E=~10
E=10
E=10
E=9
E=9
E=9
E=9
E=9
F=9

-57~

T(KEL)

273
303
303
318
333
298
298
298
298
298
298

DENSITY D(sUB 0)

G445
6e¢4
11,8
14,1
18,7
23,0

1216
1216
3274
1216
3274
3274

STATF

R Sl S

715
394
694
734
147



-58~

DIFFUSION THROUGH ETHYLFENE=-PROPYLENE COPOLYMFR(49-51)

TeD

64001
64001
64001
64001
64001
64001
64001
64001

POL

46
46
46
46
46
46
46
46

PEN
23
33
27
83
78
33
33
313

DIF COFF

1429
6.10
5690
4410
2,10
2,00
6.10
1.88

F=7
E=8
E=8
E=8
£=8
£=8
E=8
F=7

TI(KEL) DENSITY D(suB 0) F
296
296
296
296
296
283 13100
296
313

DIFFUSION THROUGH PROPYLENF~ETHYLENE COPOLYMF=(T72/28)

TeD

64001
64001
64001

POL
110
110
110

PEN
33
33
33

DIF COFF
40140 E=8
l1¢05 E=7
2,70 E=7

T(KFL) DENSITY D(suB 0) E
283 10600
296
313

STATF

STATF



~-59-

NDIFFUSTON THROUGH LATEX FILMS

TeD

56001
56001
56001
56001
56001
56001
58002
61004
61004
61004
61004
62002
62002
620072
6200.
62002
62002
62002
64002
64002
64002
64002
64002
64002
64002
64002
65002
65002
65002
65002

POL PEN
48 33
48 33
48 133
48 33
48 33
48 33
48 133
48 12
48 21
48 10
48 14
48 12
48 12
48 12
48 12
48 33
48 33
48 22
48 14
48 14
48 14
48 14
48 19
48 19
48 19
48 19
48 26
48 26
48 26
48 26

DIF COEF

9.00
2625
2480
2.90
2430
8450
3.00
8,80
7660
1612
1.00
4436
4,31
44,30
4430
5¢40
5610

«85
2488
2428
1,78
1,48
2.76
2,08
1,66
1,20
1.84
2403
2,18
5404

E=7
E=6
E=6
E=6
E=6
E=7
E=7
E=6
E=6
Emb
Eet
E=6
Ea=b
E=6
E=6
E=6
E=6
E=6
E=b
E=b
E=6
E=6
E=6
E=6
E=6
E=6
Ea=7
E=7
E=7
E=7

T(KEL) DENSITY D(suB 0)

298
298
298
298
298
298
298
298
293
298
293
323
323
323
323
323
323
223
333
323
313
303
333
323
313
303
298
299
300
314

163726
14336
14339
264697
14515
14515
1.021

1,59
1,74
1,91
4461

E

4300
6000

.-4
HOOOO 0O
® o ® o o o —

R SRR SR S Y,
[ BEN Ro N S ey ]

3.49
3430
3.83
4.05
5012
5e¢14

«83

mmm mmmm
|
>SoOrOr0O00 O
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PIFFUSION THROUGH POLYETHYLENE

TeD
48001
48001
48001
58001
58001
58001
58001
58001
59002
59002
59002
59002
590013
53003
59003
590073
59003
59004
59004
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
60001
61004
61004
61004
61004

POL

49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
“ >
49
4y
49
49
4y
49
49
49
49
49
- -
- s
“
49
49
49
49
49
49
49
49
49
49

PEN
5

5

5
T4
74
T4
T4

~
»

AR WmAM W,

13
13
84
84
B4
84
84
U
84
B4
85
84
o204
84

84
84
313

AP

83
83
83
813
83
83
12
10
21
14

DIF COEF

6.8
6.8
3.0
40
064
1,61
2,08
6461
3430
2400

1,30
21
48

leta4

674

3405

1430

1400

9.30

1,07

1,26

1.35

l.00

3.06

J o0

1,97

4460

120

3.88

Te30

2+48

T7.58

3400
v U
B VAR

Te71
1,33
2.78
6650
16432
ZeD 1

86
9,10
1,20
2440

E=~8
F=8
Fa7
E=7
E=7

mmmrMmMmmmmmm
1
~NOPPOJO DO

T(KEL) DENSITY D(suUB 0O)

298
298
313
313
323
333
343
363
298
298
298
298
298
298
298
298
313
298
298
303
303
303
303
273

273
265
26
273
273
273
3u3
273

273
273
273
273
273
[ A g
298
297

40
60
40

859

919
919
«919
«919
«919

«919
«922
o2/l

«922
e922
0922
0922
e922

«922

0922

«922

«922

«922

" 7L

«9511

«917y
4.5 c-6
4-0 c-2

E STATF

19200 3

192p0 3

19200 3
12200
12200
12200
12200
12200

44,60 ES

9490 ES

1,94 E6

2499 FE6

SPRING BALANCE
[ ImF CAG ‘

S w1..G BALA,.CE
SPKING BALANCE
SrrInG BALANCE

«115
«218
«300
«368
«335
0905
«138
414
«UTS
0292
e 71y,
0262
e3ub

o443y
e65y
0262
e5ub
.7U2

e« OO0y

9U\)U

43,



610040
61004
61004
51004
62003
62003
620073
620013
62003
62005
620013
672005
620073
62003
58004
58n04
58004
58004
58004
58004
58004
58004
63001
63001
63001
63001
63001
63001
63001
63001
64002
64002
6400¢
64002
64002
64002
640072
64002
64007
66001
66001
66001
66004
66001
67002
67002
67002
610N¢
67002
67002
67002
67002
67002
67002

49
49
49
49
2 >
49
49
49
49
4y
-
4y
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
-
49
4G
49
49
49
49
49
49
49
L 4
4y
49
49
49
49
4y
49
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59005
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59005
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49
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49
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49
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2.5

3.3
Sa
313
313
313
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2¢5

323
323
323
3273
323
333

333
333
334
9380
1.000
2dooo
11600

12 1uo

Juu
e
294
323
273
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323

70

298
00
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323
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£70

HabO
~
9,97
9,9
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e\
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1.-43
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2200, . V) -

5900 - - v -
59005 49 49 al0 C™1t e s v -
59005 49  3H  Llelu ot 3¢5 o v
59005 49 278 o149 E=-8 298 e95_5
59005 4y ¢8 24 =0 Y “ow o
59005 49 28 ¢92 -8 323 «¥D_D
590Nt 49 27 ¢33 -8 2948 9o b
59005 49 27 036 E~T 323 e95.5
5900:) - ) v - - .
55005 4y s ete e -
59005 49 45 <206 _—1t c£vo Y10z
59005 49 35 Beuy -t 5¢> v10¢
59005 4y - 3e] «VO ~ <t sau s
59005 “4 7 Py -do - v e
59005 49 3% 45 Lt Yo ra00
59005 49 35 5,00 -7 323 +3185
59005 49 28 vl E~-7 298 «92185
59005 49 28 «3u E-7 323 «3185

NDIFFUSION THROUGH POLYTHENF

1.D POL PEN DIF COEF T(KEL) DENSITY D(suB 0) E STATF
58002 95 33 1,30 F=7 298

PDIFFUSTION THROUGH P=76 MOLDED PF GRADE

T.D POL PFN DIF COEF  T(KEL) DENSITY C{suB 0) E STATF
59004 98 13 3.00 E=7 298 922

DIFFUSION THROUGH ALATHON=34 MOLDED PE GRADE

[eD POL PFN DIF COFF T(KEL) DENSITY D{sUB 0) F STATF
59004 99 113 2450 E=7 298 «931
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DIFFUSTON THROUGH SUPFR DYCLON(MOLDED) PF GRANF

D
59004
59004

POL
100
100

PFN
13
13

DIF COFF
le430 E=7
1.80 F=?

PIFFUSTION THROUGH GRFEX

TeD

59004
59004
59004
59004
59004
61005
610c*
610C%
61005
61005
61005
61005
61005
61005

61005

POL
101
101
101
101
1n1
101
101
101
101
101
101
101
101
101
101
101

PFN
13
13
13
13
13
10
13
11
16
87
21
35
101
102
22
17

DIF COEF
2.10 E‘?
1,60 E=7
1090 E=7
2.40 E=7
3e40 E=7
30, 7F=7
1.7E‘7
l,16E=7
1.24E‘7
0e96E=7
O.93E‘7
Celbtb6E=7
Oe24T7E=7
00106E‘7
04 049E=7
DeD16E=7

TIKEL)
298
298

T(KEL)
258
298
298
298
298
298
298
298
298
298
298
298
298
298
298
298

DENSITY D(suB 0) £ STATE
«953
e 945

DENSITY D(SuUB 0) E STATF
¢953
«967
965
+955
«943

DIFFUSTON THROUGH ALATHON=14(MOLDED) PE GRADF

TeD
59004

61005
61005
61005
61005
61005
61005

61005
61005
61005

POL
102
102
102
102
102
102
102
102
102
102
102
102

PEN
13
10
13
11
21
87
16
12
101
102
22
17

DIF COEF
5.40 E=7
126 ,E-7
1246E-7
Qe TE=T7
Be3F=7
9.35-7
9.8F-7
GeEm7
3.7E-7
2.26-7
1.3F=7
De66E=7

T(KEL)
298
318
318
318
318
318
318
318
318
318
318
318

DENSITY D(suB 0) E STATF
«315



61005
61005
61005
61005
61005
61005
61005

610CH
61009
61005

102
102
102
102
102
102
102
102
102
102
102
102

10
13
11
16
87
21
12
35
101
102
22
17

68 ,Fa7

4.60F‘7
3.60E'7
3e72F=7
3,32F=7
3.20F“7
1,93E=-7
0+68F=-7
1.05F“7
0.58F=-7
0.3225-7
0.135E-7

-65-

298
298
298
298
298
298
298

298
298
298
298
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DIFFUSTION tHROUGH EiH, L CFe L __F

1eD POL PFN DIF CuEF FOREL)Y DELLTIL, DILLB L) E <. A.F
57001 51 38 24,25 E=8 333 2.3. E-8 leo
5/001 J 4 - - . - V . - -
57001 51 138 2,70 E-8 333 2,84 -8 26
57001 51 38 2,95 E-8 333 3,13 F-B 245
57001 51 38 3.3, E=8 333 3,5. E-8 3ev
57001 51 38 4,4,uu t~8 333 444. -8 3.5
01000 . U ' ’ -

61000 s 4 ._.‘ . - =

61006 21 Lo cewwe -~ .- -

61006 21 11 wec. o™ .- - v v
61006 51 16 6e.ul E=4 298 6421 E-4 5486,
61006 b1 Y Je0s L= 0 Ve U w—uo RN
61006 51 86 1428 E=4 298 1.6 E=4 4458,
61006 51 5 298 3414 -5 2426
61006 51 35 1,35 E=5 298 2..9 E-5 5.9,
61006 51 22 2465 FE=6 298 3.2 E=6 5.8
61006 51 24 1410 k=6 2948 leb oL-0 4eo1L,
61006 51 e IV . - ‘ -
61006 51 83 34,5y E=7 298 1637 E~6 441,
58006 51 5 6euu -7 3273 oL -2 5. .

58000 51 5 B8B4ly E-7 333 145

58006 51 5 5.6y F~7 323 1.9

58006 51 5 56430 E-7 3213 3.

58006 51 5 1.64 E=6 353 3e.

58006 b1 D lett =y - re -

58006 o1 o] VealU o=, - - e

58006 51 5 44,7y b-7 323 4o

58006 51 5 leuB E=6 343 565 550 E-2 1lo...

88006 51 S 1,64 E=6 353 545

58006 51 o] lec) w1 ) -

58006 51 5 446y oL~/ 323 0:0

58006 51 5 9670 k-7 343 Te1

58006 51 5 1436 -6 3513 Te6

58006 51 5 6450 F-7 3313 79

58006 51 5 4435 o~ 323 B.8 Y, T g o}

58006 51 o} BeYu b1t D% [VIERW)

5800b 21 - -0 T

58006 51 5 beulu -7 333 10 . 2., -2 7

58006 51 5 levu E—6 353 1.2

58006 o1 4 “*eay - ‘ .

58006 51 5 TebL E-T7 3413 1 8

58006 51 5 5410 F-7 333 11.8

58006 51 5 6470 E~7 343 12,1
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NDIFFUSION THROUGH SARAN

TeN

56002
56002
56002
56002
56002

POL PFN
52 T
52 71
52 71
52 71
52 71

DIF COFF

8.00
9,60
2490
2440
6400

F=11
E=11
E=12
E=13
ol B

-70-

T(KFL) DENSTIY D{SUB v)

303
303
318
333
340

SHAIF

£ & F

00000685

397
695
734
7473
bl
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DIFFUSTON THROUGH POLYISORUIYLENE

TeD

52001
52001
52001
52001
52001
52001
52001
52001
52001
52001
52001
52001
52001
52001
52001
58001
58001
58001
58001
58001
58001
58001
58001
58001
58001
58001
58001
61004
61004
51002
51002
51002
51002
51002
51002
51002
51002
51002
51002
51002
51002
51002
51002
51002
51002
51002
51002

POL PEN
;“* [N
54 26
by 26
54 29
54 29
54 29
54 27
54 27
P “
24 50
54 30
54 30
54 28
54 28
54 28
54 73
54 73
54 76
54 76
54 75
54 75
54 T4
54 T4
54 74
54 T4
54 74
54 74
54 14
54 21
54 130
54 130
54 30
54 30
54 30
54 130
54 30
54 28
54 28
54 28
54 28
54 27
54 27
54 27
54 27
54 27
54 27
54 22

DIF COFF

Y.

«93

o 74
1,22
1,56
317
1,97
2446

e15

e97
1.37
2622
1,50

«50
1.90
3490
4470
5610
7«30
3.90
1,10
l.4n
3400
Sel0
3410
4440
8.20
7630
1,81
3637
5460

Fe?
E=7
E=?
E=7
E=e?
E=7
F=?
E=7
E=7
=7
E=7
Ew?
F=5
E=6
E=9
E=9
E=9
E=9
E=9
E=9
E=8
E=9
E=9
F=9
E=9
E=9
E=9
E=9
E=9
E=8
E=8
E=9

T(KEL) DENSTIY

500
298
308
31445
298
308

308
314.5
298
308
314,5
373
3913
373
393
373
393
373
393
333
373
383
393
293
293
308
308
308
308
308
308
308
308
308
308
308
3u8
3u8
3u8
308
308
308
308

DsuUB u)

DelTT 7
«53F -9
le46c—-9
3475t-9
1.08E'9
2459t-9
1.3‘0[’."‘9
3e6t—9
oly Y
e6nE=-9
1076t“9

106
222
324
333
3313
422
666
489
703
1083
1240
12
1o4
207
212
3n6
388
496

E

1De /

1745

164

18,1

18,

IIUZUU

lu2vuo
T000
7000
luuuu
) SVIVIVIV)
S9uu
Y9uy
12vuu
12000
12vuu0
120up

SITAIF



51002
51002
51002
51002
51007
510072
5100.}
51002
51002
51002
51002
51002
51002
51002
51002
51002
51002

54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54

22
22
22
29
29
29
29
29
29
29
26
26
26
26
2?6
26
26

6el40
8400
7440
1.70
2.20
2450
2480
3460
4470
640
4450
6480
9,10
1.09
1.86
3430
5668

E=9
E=9
E=9
E=9
E=9
E=9
E=9
E=~9
E=9
E=9
£=9
E=9
E=9
E=8
E=8
E=8
E=8
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308
308
308
3nAa
308
308
308
308
3u8
308
308
308
308
308
308
308
3ns

941
1446
14%2

210

488

712

167

980
1246
1460

XY+

503

662

763

%4
1243
1448
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NIFFUSTON THROUGH KFRATIN

[eD POL PEN DIF COEF T(KFL) DEnSIIY C(SUB u) E SIAIE
64007 55 54 1,90 E=12 643

64007 55 64 44,30 E=12 848

64007 55 54 5,80 E=12 947

64007 55 54 6,70 E=12 1043

64007 55 54 1,419 E-11 11,7

64007 55 54 4,00 E=11 13,5

64007 55 B4 Tel0 E=11 14,4

64007 55 54 94,30 F=11 1542

64007 55 54 9,90 E=11 1642

64007 55 54 1,12 E=10 17.9

6400 ¢ P 00 - .

64007 55 64 1440 E~10 19,7

45001 55 58 14,70 E=10 298 2
45001 55 654 3,60 E=10 293 2
45001 55 54 7420 F=10 298 2
45001 55 54 1416 E=9 303 2
50001 55 53 1,00 E=7 273 15.u 1



-74~

NDIFFUSION THROUGH POLYVINYLBUTYKAL(UNSIREICHFED)

TeD POL PFN DIF COFF T{(KFL) DENSITY DESUB 0) E
59001 57 21 1,85 E=7 277 86uy
59001 57 21 54,60 E=7 298

61004 57 16 LeBl twp ZouU

6100+ 57 16 6420 -8 288

48001 57 5 1430 F=8 298 40 1u9ou
48001 57 5 1430 Ee=8 298 60 10900
48001 57 5 3.00 E=8 313 40 lu9ov
56002 57 71 1,50 E-9 273

56002 57 71 3,40 -9 288

56002 57 71 4e40 E=9 303

56002 57 71 4,40 E=9 303

56002 57 71 5450 E=9 303

56002 57 T1 6430 =9 3013

DIFFUSTON THROUGH POLYVINYL BUTYRAL ( STRETCHEN)

TeD POL PFN DIF COFF T(KEL) DENSITY C{SUB 0) E
59001 97 21 2.00 E=7 277 9700
59001 97 21 7410 E=7 298

SIAIE

W C

FPEPEPPLPBDVLWY

STATF

758
716

30
156
332

(S A 2N §



DIFFUSTON THROUGH BUTADIENE-ACKRYiuwlinlak Coy o Y &
1D POL PEN DIF COEF T(KEL) DENSTIY D(suB u)
58001 59 74 «50 E=7 333

58001 59 T4 ¢93 E=7 3413

58001 59 T4 1,03 E=7 353

58001 59 T4 4,53 E=7 373

39001 59 21 0666 E=7 290 28,1
39001 59 21 24,90 E=7 311 28,1
39001 59 21 4,40 E=7 322 28,1
39001 59 21 8480 E=7 333 28,41
39001 59 21 1l.40 E=6 344 28,1
33001 59 14 6410 E=7 273 S444
39001 59 14 1,70 £=6 293 5444
39001 59 14 2470 E=6 302 54,4
39001 59 14 4,60 E=6 315 5444
39001 59 14 6460 E=6 323 S4,4

-75~-

E
14000
14000
1400n
140v0

11500
11500
11500
11500
11500
8700
8700
8700
870U
8700

STAIE

PP EEER



-76—-

DIFFUSTON THROUGH CHLOKUFKFNFE

1D

39001
39001
39001
39001
39001
39001

POL

60
60
60
60
60
60

PEN
14
14
14
14
14
14

DIF

3.30
5.60
9.10
lety
2410
2440

COEF

E=6
E=6
E=6
E=5
E=5
E=5

T(KEL)
305
314
323
334
343
347

DENSITY D{suUB 0)
39,4
39,4
39,4
39,4
39,4
39,4

E
99n0u
9900
990U
S900
9900
9900

SIAILE

PR U e



-77-

DIFFUSTON THROUuLA nuknN

TeD POL PEN DIF COEF T(KEL) DENSITY D(SUB 0)
45001 61 5 7450 E=8 298
45001 61 5 9.00 &=y ¢vo

45001 61 58 2,20 E=10 298

F



-78-

DIFFUSION THROUGH RUBBER HYDROUHLUKIUL

TeD POL PEN DIF COEF T(KEL) DENSITY C¢suB U} E
48001 62 S 1420 E=9 298 40 17200
48001 62 5 1.10 E=9 298 60 17200
48001 62 S 4,80 F=9 313 40 17200
56002 62 71 1,20 E=10 303

56002 62 71 14,60 E=10 303

56002 62 71 2,00 E=10 303

5600/ L ’

56002 62 71 3436 E=v s¢o0

56002 62 T1 5460 E=9 333

STATE

S PPV WLWW

& .

325
58 ¢
745

.00
718



-79-

DIFFUSION THROUGH POLY1SOPRCNLC

1.D POL PEN DIF COEF TU(KEL) DENSITY D(suB 0) E
50003 63 14 1,00 - %

50003 63 ¢1 «78 _"u Lo

500073 63 21 2,50 E=6 298

58001 63 715 o717 -7 313

58001 63 75 1459 -7 323

58001 63 T4 1,94 E=T7 313 8800
58001 63 T4 3,06 E=7 323 8800

58001 63 T4 4,42 E=T7 333 8800

STATF



PDIFFUSTON THROUGH ISOPRENE=ACRYLONITKILE CUPOLYMER

IeD

50003
50003
50003
5NNN3
500013
500013
500N 73
500073
500073
50nn3
500013
5nNN13
500013
500013
50003
5NnAn3
500073
500073
61004

POL

64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64

PEN
14
14
21
21
13
13
16
16
1n
10
14
14
21
21
13
13
16
16
10

DIF COEF

2447
650
045
30
92
o 45
«31
2e0%
.01
1.51
Bea74
1,23
56
24
+83
91
4,44
8,01

E=6
E=b
F=?
F=7
Fa?
Fu?
Fa?
Fa=?
E=b
E=5
Fab
F=6&
E=7
Fa?
Fe=6
Fmg
Fe7
Fa?7
FmS

-80-

T(KEL) DENSITY D(suUB 0)

298
323
298
3213
298
3213
298
37213
298
323
298
37213
298
3213
298
323
298
323
298

67
oA
l.88
AeRR
aeND
rYaly)
a0 lbB
A.1S
«21
31
o4
YR
PR
ae®
ath
aeh
st
F\.’

F3

1

F3

F1

F1

E
1400
1400

14500
14500
121nn
121n0
14400
14400
49nn
4900
6900
6900
11600
11600
9600
96N0
122n0
122n0

STATF



-81-

NTFFUSTON THROUGH POLYRIITANTIENF

TeD

5NNN13
5nNN3
5n0nN13
5NNN12
500Nn13
5n00N13
5NNN13
5NNN73
580nN1
58001
58n0n1
SR8NN1
58NN
580nN01
58001
58nn1
5RNN1
58001
61004
A1004

POL

65
65
65
65
65
65
65
A5
65
65
65
65
65
65
65
65
65
65
65
65

PEN
14
14
21
21
13
13
16
16
73
73
73
75
75
74
74
74
74
74
14
21

DTF COFF

946N
1.R0
l1.1n
249N
150
3.70
1.08
?e¢8n

«98
1441
1.8n
2412
250G
2478
3467
6419
9.78
1464
966N
1,10

N
F=5
F=6
Fmb
Feb
Fet
Fe=b
Femb
Fa?
Fa7
Fa?
Fa?
Fa7?
Fa?
E=7
Ea7
Em=7
Fe=b
Fm5
Fa5

T(KFL) PFNSTTY ResuP 0)

298
373
298
323
298
3723
298
3713
313
323
333
3113
323
313
323
313
343
353
298
298

83 Fal
.53

22

«27?
«15 -
+15

«24

PRy

F
5100
51n0N
72n0
7200
68NN
6800
73n0
7300

6700
670N
670n

930n
9300
9300
9300
93nn

STATF



NIFFHQT AN

TeN P
SNNN13
50NnN3
500N13
500013
5NnnnA3
50AN3
SO0NN3
5nn03
5n0N3
Clalalake)
61004
610nN4
61004

THRAIIGH DPEREHIMAN

nL
66
66
66
66
66h
66
66
66
A6
b6
A6
66
66

PEN

14
14
21
21
13
13
16
16
10
mn
14
21
10

DIF CorF

683
1.45

«51
1455

«79
2430
4425
let?
1455
2666
6.41
5¢1n
1455

F=b
Em=5
Fmb
F=6
Feb
F=b
Fa7
F=6
F=5
Fa5
Fa5
Feab
Fab

-82-

1R

TUKFL) DENSITY Drain n)

798
371
798
323
>R
323
298
323
798
373
798
298
298

NIFFUSTON THRONGH PFRRUNAN(GFRMAN)

TeD POL PFN
50003 67 14
50003 67 14
500¢3 67 14
50003 67 14
50003 67 14
50003 67 21
50003 67 21
50003 67 21
50003 67 21
50003 67 21
50003 67 13
50003 67 13
50003 67 16
50003 67 16
50003 67 10
50003 67 10
50003 67 64
50003 67 64
%000 > o oL
61004 67 21

61004

67

14

2,53
4450
6.70
le11
1.89
1+0%

2%

046

98
2410

43
letsts
l.19

o717
1.17
2430
Te64
3.83

250
4,450

NDIF CHFF

E=6
E=6
E=6
E=5
E=5
by
E=6
E=6
E=6
E=6
E=6
E=6
E=6
E=6
E=S
E=5
E=8
E=7
E=6
E=5

285
298
308
323
343
cos
298
308
3213
343
298
323
298
323
298
323
298
323

298
298

« 22
«?3
¢ AR
s8R
«hO
e RO
ae
At

s19 Fm=1

244
244
135
1,35

«77 E-1

77
Be2

T(KFL) DFNSTTY _(sUR 0)

E1l

=

F

6200
6200
8500
8500
81n0
81n0n
92nn
92n0
4200
4200

4200

[~

7400
7000
6300
000

11200
10600
v500

9200
9200
10700
10700
5200
5200
12300
12300

6200

STATF

STATE



-83-

THROUGH HYCAR OR2%

DIFFUSION

T1eD POL PEN
50003 68 14
50003 68 14
50003 68 21
50003 68 21
50003 68 21
50003 68 21
50003 68 13
50003 68 13
50003 68 16
50003 68 16
50003 68 10
50003 68 10
61004 68 21
61004 68 14
61004 68 10

DIF COEF

3,65
9460
1,52

«70
1,52

«70

28
1.08
1,07
5415
1412
2,21
1452
3.85%
1,12

E=b
E=6
E=6
E=6
E=7
Em7
E=b
E=6
Em7?
E=7
E=5
Em5
)
E=5
Emd

T(KEL) DENSITY D(suB 0)

298
323
298
323
298
323
298
323
298
323
298
323
298
298
298

DIFFHSTION THROUGH HYCAR OR15

1.D POL
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
50003 69
61004 69
61004 69

61004

69

PEN

14
14
14
14
14
14
14
14
14
14
14
14
10
10
10
10
10
13
13
16
16
21
10
14

DIF COEF

6465
1632
2¢43
3474
6456
1419
2430

o664
1,38
3,38
8405
2,12
5400
Te92
1,07
1462
202
1.36
5665

«38
2.21

o664
Te92
2.43

E=7
E=6
E=6
E=b
E=6
E=5
E=5
E=7
E=7
E=7
E=7
E=6
E=6
E=6
E=5
E=5
E=5
E=7
E=7
E=7
E=7
E=6
E=5
E=5

T(KEL) DENSITY
273
28%
298
308
323
343
373
298
308
323
343
373
285
298
308
323
343
298
323
298
323
298
298
298

e52
52
5460
5460
5460
5460
9,90
9490
6,70
6470
« T4
74

El

El

El

E-1

DtsuB 0)

«RT

1.36
1.36
2460
2460

€
7000
7000
11700
11700
11700
11700
10300
10300
12000
12000
5200
5200

8600
8000
7700
7100
6200

13100
10900
9000

5800
5500
5000

10900
10900
13400
13400

5500
7600

STATE

STATF



-84~

DIFFUSTION THROUGH BUTYL RUBBER

TeD
50003
500073
50003
500C3
500073
50003
50003
50003
50003
50003
50003
50003

POL PEN
70 10
70 10
70 10
70 10
70 10
70 13
70 13
70 16
70 16
70 64
70 64
70 65

DIF COEF

3.70
590
8430
l1.26
2,00
3+84
5478
276
2403
1,08
1,04

E=6
E=6
E=6
E=5
E=5
E=7
E=7
E=8
E=7
E~8
E=7
E=6

T(KEL)
285
298
308
323
343
298
323
298
323
298
323
323

DENSITY D(suB 0)

len5 E=1
443 FE1
4,3
3.6 FE1
3.6
5.0 El
Send

E

6100
5800
5400

11980
11980
12000
12000
12800
12800

STATE



NIFFUSTON THROUGH POLYMETHYL PENTADIENF

1eD

50003
50003
50003
50003
50003

POL PEN
71 21
71 21
71 13
71 13
71 16

DIF COEF

«30
1,28
55
1,98
1.48

E=6
E=6
E=6
E=6
F=b

-85~

T(KEL) DENSITY D(suB 0)

298
323
298
323
323

4,2 E1
442
BeS
845

E
11100
11100

9800
9800

STATE



-86~-

DIFFUSTION THROUGH VULCAPRENE A

l1eD POL PEN DIF COEF T(KEL) DENSITY D(suB 0)
50003 72 14 2,60 E=6 298 +98
50003 72 14 7,00 E=6 323 «98
50003 T2 21 1,45 E=7 298 5.5 E1
50003 72 21 67 E=6 323 55
50003 72 13 e24 E=6 298 Te5
50003 72 13 092 E=6 323 765
50003 72 16 94 E=7 298 4,2 E1
50003 72 16 e44 F=6 323 4e?

E
7600
7600

11700
11700
10200
10200
11800
11800

STATE



-87-

NDIFFUSTON THROUGH METHYL RUBBER

TeD

5S00n3
50003
50003
50003
50003
50003
50005
50003

POL PEN
73 16
73 16
73 13
73 13
73 21
73 21
73 14
73 14

DIF COEF

«63
¢36
14
61
o719
ohl
3,90
1,05

E=7
E=6
E=6
E=6
E=7
E=6
E=b6
E=5

T(KEL)
298
323
298
323
298
323
298
323

DENSITY D(suR 0)
lesn E2
1460
2.0 F1
240
1l.0% E2
1405
1.3
l1e3

E
12800
12800
11100
11100
12400
12400

7500
7500

STATF



NIFFUSION THROUGH RUBBER 8(1 MOLE(VINYL GROUD) )

TeD
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
55001
62001
62001
62001
62001
62001
62001
62001
620¢1
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001
62001

POL

74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
14
74
74
74
74
74
74
74
74
74
74
74
74
74
74

PEN
29
29
29
29
26
26
26
26
27
27
27
27
30
30
30
30
27
27
27
27
27
27
27
27
27
28
28
30
30
30
30
30
88
88
88
88
88
29
29
29
29
29

DIF COEF

1,18
2434
4409
650
2400
6e21
9473

55
la17
2617
3.66
1,16
2622
3.94
6463
1,22
2.94
5452
9,13
4471
587
Telb
8,75
1.02
2.78
3.50
2.78
3¢50
4436
5650
6666
6.53
8,09
9.42
1,17
1.42
4,32
5657
Te11
8.71
1.0%

E=7
E=?
E=7
E=7
E=?
E=?7
E=7
E=7
E=7
E=7
E=7
E=7
E=7
E=7
E=7
E=7
E=7
E=7
E=7
E=7
E=6
E=6
E=6
E=6
E=5
E=6
E=6
E=6
E=6
F=6
E=6
E=6
E=6
E=6
E=b
E=5
E=5
E=6
E=6
E=6
F=6
E=5

-88-

T(KEL) DENSITY DtsuB 0)

303
313
323
333
303
313
323
333
303
3113
323
333
303
313
323
333
303
313
323
333
303
313
323
333
343
303
313
303
313
323
333
343
303
313
323
333
343
303
313
323
333
343

4430

1,31

E-4

F

3900

4000

4000

3800

4500

STATF

sSSP PEPEEREREEEEED
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-89-

DIFFUSION THROUGH RUBBER C( o1 PER CENT VINyL GROUP ON A MOLAR BASIS)

IeD PoL PEN DIF COEF T(KEL) DENSITY D(suB 0) E STATF
55001 75 29 1,08 E=7 303 4

55001 75 29 2421 E=7 313 4

55001 75 29 3,99 E=7 323 4

55001 75 29 6480 E=7 333 4

55001 T5 26 1469 E=7 303 4

55001 75 26 3,23 E=7 313 4

55001 75 26 54,66 E=7 323 4

55001 75 26 9,45 E=7 333 4

55001 75 27 1,38 E=7 303 4

55001 75 27 279 E=7 313 4

55001 7S 27 4491 FE=7 323 4

55001 75 27 7.76 E=7 333 4

55001 75 28 54 E=7 303 4

55001 75 28 1408 E=7 313 4

55001 75 28 2,04 E=7 323 4

55001 75 28 3,72 E=7 333 4

55002 7% 130 87 E=7 303 4

55001 75 30 1475 E=7 313 4

55001 7% 30 3413 E=7 323 4

55001 75 30 5429 E=7 333 4

62001 75 26 6496 E=6 303 8e20 E=5 4300 6452 E-6
62001 75 26 8462 E=6 313 7494 E-6
62001 75 26 1409 E=5 323 1.02 E-5
62001 75 26 1,32 E=5 333 1,22 E-5
62001 75 26 1,60 E=5 343 153 E-5
62001 75 29 5471 E=6 303 8490 E=5 4400 5.11 E-6
62001 75 29 7T.32 E=6 313 6445 E-6
62001 75 29 9415 E=é 323 Be02 E-6
672001 75 29 1l.l4 E=5 333 9.82 E-6
62001 75 29 1,37 E=5 343 1,20 E-5
62001 75 28 3,66 E=6 303 9430 E=5 4500 2479 E-6
62001 75 28 4,74 E=6 313 3456 F-6
62001 75 28 5484 E=6 323 44,48 E-6
62001 75 28 T.40 E=6 333 558 E-6
62001 75 28 B8,76 E=b 3413 6490 E-6
62001 75 27 6447 E=6 303 l1.05 E-=4 3700 5631 E-6
62001 75 27 8,09 E=6 313 6«71 E-6
62001 75 27 9456 E=6 323 Be34 F-6
62001 75 27 1,14 E=5 333 1,03 £E-5
62001 75 27 l.34 E=5 343 1626 £-5



-90-

DIFFUSTION THROUGH POLYVINYL TRIFLOUROACETATS

T.D

56002
56002
56002
56002
56002
56002

POL PEN
78 7
78 71
78 71
78 71
78 71
78 7

DIF COFF

5450
4490
6.80
1.47
2420
2.90

E=9
E=9
E=9
E=10
E=10
E=10

T(KEL) DENSITY D(SUR 0)
303
303
303
318
333
333

STATF

PR R A S R )

244
453
752
643
653
668



-91-

PIFFUSION THROUGH METHOCEL

1eD POL PEN DIF COEF T(KFL) DFNSITY D(suB 0) E STATE
56003 80 5 +88 E=8 303 4 30



-92-

DIFFUSTON THROUGH POLYSODIUMACRYLATE

ITeD POL PEN DIF COEF T(KEL) DENSITY D(suB 0)
560073 81 5 «50 E=9 303

E

STATE

26



-93-

PIFF'ISTON THROUGH POLYACRYLIC ACID

1D PoL PEN DIF COEF T(KEL) DENSITY D(suUB 0)
56003 82 5 «32 E=9 303

E

STATE

54



-94-

DIFFUSION THROUGH METHACRYLATE=ACRYLIC ACID(8/92)

TeD POL PFN DIF COEF TU(KEL) DENSITY D(suB8 0) E STATF
56003 83 5 1.66 E=10 303 4 32

DIFFUSION THROUGH METHACRYLATE=ACRYLIC ACIC{80/40)

TeD POL PEN DIF COEF T(KEL) DENSITY D(suB 0) E STATFE
56003 85 5 «28 E=8 303 4 53



-95-

DIFFUSTON THROUGH METHYLACRYLATE=SODIUM ACRYLATF(8/92)
TeD POL PFN DIF COEF  T(KFL) DENSITY D{SUR 0) F STATF

56003 79 5 34,24 E=9 303 4 49

DIFFUSION THROUGH METHACRYLATE=SODIUM ACRYLATF(60/40)

TeD PoL PFN DIF COFF T(KEL) DENSITY D(suB 0) F STATE
56003 R4 5 +62 E=8 303 4 53

DIFFUSION THROUGH METHACRYLATE=SODIUM ACRYLATF(89/11)

leD POL PEN DIF COEF T(KEL) DENSITY D(suB 0) E STATF
56003 86 5 1.15 E=8 303 4 56



-06-

DIFFUSTON THROUGH POLYISORUTENF

TeD

57003
570073
57003
57003
57003

POL PEN
87 130
87 130
87 130
87 130
87 30

DIF COFF

«70
020
«75
o40
8400

F=9
E=8
E=8
E=8
E=8

T(KEL) DENSITY D(suB 0)
308
308
308
298
298

E

STATE

12
18
12
18



-97-

DIFFUSTION THROUGH GR=S

TeD POoL PFN ODIF COFF T(KEL) DENSITY D(suR 0) E
58001 R8 75 «82 E=7 313 8800
580r 1 88 75 1,29 E=7 3213 8800
58004 88 T4 1439 E=7 313
58001 88 T4 2.29 E=7 323

58001 88 T4 3,22 E=7 333

STATF



DIFFUSTON THROUGH BALATA

[eD PoL PEN DIF COEF
58001 89 74 »39 E=~7
58001 89 74 +86 E=7
58001 89 74 2,05 E=7

-98-

T(KEL) DENSITY D¢{suB 0) E
313 16300
323 16300

333 16300

STATE



-99-

NIFFUSTON THROUGH HYDROGENATED GR=S

IeD POL PEN DIF COEF T(KEL) DENSITY D(suB O) E STATFE
58001 90 74 e 72 E=7 313 10900
58001 90 74 1.21 E=7 323 10900

58001 90 T4 2.07 E=7 333 10900



-100-

DIFFUSTION THROUGH HYDROGENATED POLYBUTADIFNF

TeD POL PEN DIF COEF T(KEL) DFENSITY D(suB 0O} E STATF
58001 21 74 «80 E=7 313 10800
58001 91 74 1.40 E=7 323 10800

58001 91 T4 2431 E=7 333 10800



-101-

DIFFUSION THROUGH HYDROGENATED POLYISOPRENF

1eD POL PEN DIF COEF T(KFL) DENSITY DtsuyB 0)
58001 92 T4 1426 E=7 323

E

STATF



PIFFUSTION THROUGH RAW PALF CREPF RUBBER

TeD

58001
58001
58001
58001
58001
58001
58001
58001
58001

PIFFUSTON THROUGH CROSS LINK PALE CREPE

TeD

580¢?
58007
58001
58001
58001
58001
58001

POL

94
94
94
94
94
94
94
94
94

PFN
74
74
74
74
74
74
74
74
74

POL PFN
93 74
93 74
93 74
93 74
93 74
93 74
93 74

DIF COEF

1,69
2.85
3494
6e12
700
2.68
le50
2.28
3,13

E=7
E=7
E=7
E=7
E=7
Fa7
E=7
E=7
E=7

DIF COFF

4,70
TAAA
5495
240
3.70
€481
6486

E=7
E=7
E=?
E=7
E=7
E=7
E=7

-102-

T(KFL) DENSITY C(suUB n)

313
323
333
343
353
323
313
323
333

T(KFL) DENSITY D(SUB 0}

333
333
333
333
333
333
333

719
Te19
7619
719
7419
2,98
1,38
1.38
1.38

£
8700
8700
8700
8700
8700
8700
8000
8000
8000

E

STATF

STATF
«0b4 F=t
019 E=4
1.95 E‘4

4419 FE=7
3.87 E=4
2484 E=4
le06 E-4



-103-

NIFFUSTON THROUGH VINYL CHLORIDE-VINYL ACFTATF(87/13)

TeD

61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
6lor?
610c™
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001
61001

POL
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
1n3
1n3
103
103
103
103
103
103
103
103
103
103
103
103
103

PEN
14
14
14
14
14
14
10
10
10
10
10
10
15
15
15
15
15
15
15
13
13
13
13
13
13
13
13
86
86
86
86
86
86
87
87
87
87
B7
87
16
16
16
16
16
16

DIF COEF

8420
2427
2.94
la18
1.67
1,78
2434
5¢74
7406
3.15
5616
8430
2.41
T7.28
5460
8es47
2,22
6464
1,74
6,12
9450
1,26
755
1,27
1e32
2692
lals
Te02
2465
5459
7437
6.78
1.53
].74
5e34
1,70

16

+18

25

27

48

«49

Fw2
E=1
E-1

E=2
E=2
E=2
E=1
E=1
E=1
F=3
E=2
F=2
Fa2

Emts

E=3
E=2
E=2
E=2
E=t
A
E=3
E=3
E=3
E=3
E=t
E=4
E=4
E=3
E=3
Fm2
E=t
E=t
E=4
Emt
E=4
E=4

T(KEL)
277
300
306
339
354
364
273
298
306
328
344
364
278
298
304
306
321
336
364
275
284
287
297
327
339
339
361
274
299
324
324
347
347
283
298
300
324
343
361
274
279
283
290
300
301

DENSITY Dtsus 0)

F
684n
6840
6840
6840
6840
6840
7580
7580
7580
7580
7580
7580
10190
10190
10190
10190
1019n
10190
10190
10630
10630
10630
10630
10630
10630
10630
10630
10530
10530
10530
10530
1053n
10530
17050
17050
17050
17050
17050
17050

562n

5620

5620

5620

5620

5620

STATF
566
682
441
623
572
179
498
608
665
504
375
246
451
588
4131
275
356
331
275
596
430
434
504
406
305
504
116
125
379
203
506
193
173
440
332
493
540
408
114
85
73
57
42
73
47



61001
61001
61001
61001
61001
61001
61001

103
103
103
103
103
103
103

16
16
16
16
16
16
16

l1.12
1.55
3e41
2,97
4,88
8.18
6.31

E=b
E=t
E=t
E=t
E=t
E=t
F=3

-104-

306
309
318
321
323
331
364

20560
20560
20560
20560
20560
20560
2056n

91
70
41
82
76
70
99



DIFFUSTON THROUGH SILICONF RUBBFR

TeD

62002
620r?
620c"

POL
105
105
105

PEN
22
22
22

DIF COFF
975 E=6
991 E=6
9465 E=b6

-105-

T(KEL) DENSITY ND(suB 0)

323
323
323

2.248
44642
74049

E

STATF

1,00 F~5
1.05 E“'S
l.01 E-5



-106-

DIFFNSTON THROUGH POLYHYDROXYETHER

TeD POL PFN DIF COFF T(KEL) DENSITY ND(sUB 0)
64001 109 1313 «67 E=8 283

64001 109 33 2,30 E-8 296

64001 109 33 B8.90 £=8 313

65003 109 16 1450 E=9 296 1,8
65003 109 16 3,00 E=9 296 28
65003 109 16 7450 E=9 296 142
65003 109 13 9,00 E=9 296 1,8
65003 109 13 1.40 E=8 296 248

65003 109 13 2,20 E=8 296 192

E
15200

STATF



-107~

DIFFUSTION THROUGH ACRYLAMIDE=-METHYLDENFE RIS-ACRYLAMIDE

1.D POL PFN DIF COEF T(KEL) DENSITY D(sSuB 0) E STATF
60002 112 005 61.0E-5 298 5
60002 112 005 44,6E=5 298 765
60002 112 005 30.9€E-5 298 10.
60002 112 005 254,2E=~5S 298 15,
60002 112 005 164,8F=~5 20.
60002 112 005 TelF=5 298 25
60002 112 005 9.4E=5 298 30.

60002 112 COL 67 IS WEIGHT PERCENT MONOMFER IN THE GEL



-108-

DIFFUSTION THROUGH PLIOFILM NO

r.n

L *

62004
62004
62004
62004
62004

POL PFN

113
113
113
113
113

T v

DIF COFF

4412
44,10
4404
4,12
4,12

E=10
E=10
E=10
E=10
E=10

T(KEL)
298
298
298
298
298

DENSTTY D(sSUB 0)

45
11,8
14,1
1847
23,0

175
1169
1169
1169
1169



-109-

DIFFUSTON THROUGH HYDROPOL

IeD POL PFN DIF COEF T(KEL) DENSITY D(sSUB 0) E STATF
61005 114 12 5.4F=7 298
61005 114 35 24.4F=7 298
61005 114 101 3,1F=7 298
61005 114 102 2,E=? 298
61005 114 22 14,2g=-7 298
61005 114 17 0456E=7 298
61005 114 10 151,E=~7 298
61005 114 13 12.F=7 : 298
61005 114 11 9 ,6F=7 298
61005 114 16 9,1F=7 298
61005 114 87 B,2F=7 298

61005 114 21 T744F=7 298



-110-

Appendix B

Abstracted Data for Specific Penetrants
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SURSTANCFS THROUGH VARINOUS MEDTA
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333
343
3073
313
323
333
343
303
313
323
333
3Nk
ang
304

DENSITY D(atyR n)
.51:‘0
lotshF=9
34 75F=9

21"
488
712
767
98n
1246
1460

Be9N

1470

77

F=t

F=5

r

1745

4400

4000

o o &
o o
J oo

STATT

|
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77.'*'171"-1771.'1 mMomon
| '
>0 WM



58NN7
580073
58003
5RNN13
5aNN3
SanNA3
5ann3
58103
580N 13
58nn13
58nn73
581073
531013
587073
58003
58nN73
58n03
580n3
58173
58nN3
58003
580073
580N3
580N 13
58103
58003
580N 3
587n013
581113
580N 13
58nN3
58003
58003
S5RNNA3
580073
580073
58n0N13
580013
580N 73
58n1N13
5803
5800 3
58nN3
580N73

>89
28
28
28
28
7R
o8
28
>8
28
78
>8
28
28
28
28
28
28
28
28
8
78
2?8
28
28
o8
8
28
o8
2R
28
28
o8
2R
o8
28
28
8
28
28
8
73
28
>8

9
o0
20
29
20
29
20
29
29
29
29
29
29
29
20

ey

29
29
29
29
29
20

29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29

lebn
1,79
2e0N7
16727
1442
1472
?eNA8
?eb1
2NN
la46h
1,78
2617
2./4'?.
2495
4417
2011
2624
3,11
[{NP ety
b4 o440
2470
260N
T 46N
3480
LebN
5040
3450
’%.80
4.30
5400
56N
6470
4,50
4480
5.30
6400
6480
T30
Te50
Te80
Rets0
D430
Vel N
99N

F=0
F=9
F =0
Fe=
)
F w0
F=9
FwQ
Fm0
Fem0
Fa9
F =0
Fe=0
F=9
F=9
F=9
F=0
F=9
Fe=9
F=9
Fe=9
Fe=0

Fe=9

F=9
F=9
F=9
Fe9
F=9
F=9
F=9
F=9
F=0
F=9
F=9
F =9
E=9
F=9
E=9
£=9
F=9
F a9
F=9
F=9

-145-

304
304
308
308
308
3N
308
308
308
312
313
313
313
313
313
318
318
318
318
318
322
321
223
323
323
323
328
328
328
328
328
3728
333
333
333
333
333
333
343
3473
3473
343
343
343

e B2

1aN?2

leb6

3ebN

4e70

F=9

?f‘whH~H~JO\ﬂwﬁJHG)NO‘bU)N
33..0.0...........
OO WVWDODIDDDIIDODODODDI2D20O0D



NTEEUSTAN NAF TQN=DFMTANE

Ten

52001
520N1
521701
51n0n7
51nn?
51007
510N7
51007
51nN2
510n2
550N1
550N1
55001
550N 1
62001
£2001
62001
62001
62001
55001
55071
55001
550N1
55001
55001
55nn01
55001
5800 3
580073
58003
580073
580013
580N 13
58AN3
58003
58NN 3
58N03
580N 3
580n13
580N 3
580N 73
580Nn13
580073
580N 3

PAL DFN
54 el
54 3n
54 30
54 13n
54 3N
54 20
54 30
54 3N
54 13n
54 30
74 30
74 30
T4 3N
T4 30
T4 30
74 30
74 30
74 30
74 30
75 130
75 3N
75 130
75 30
34 3N
34 30
34 3N
34 30
28 130
28 13N
28 130
28 3N
28 130
’8 130
28 30
28 30
28 30
28 13N
28 3n
28 130
28 30
28 30
28 3N
8 30
28 3N

O1F COFF

19N
2690
2,9n
LeTN
Sa1nN
Te30
3690
1.16
2872
3.94
6463
2.78
3¢50
4436
5650
6Eehb

«87
1475
3413
5629

91
2627
Lol
Tebb

" 1.82

7 sNAB
2el0
270
.10
4LelN
2630
Z2e1N
3420
3670
4440
510
3400
3,50
14.00
4.60
5440

F=0
£ =9

Fa?

-146-

T(YFL)

298
308
31445
3n8
3n8
3nA8
308
3ng
3n8
3n8
3n3
313
323
3313
3n3
313
323
3313
3473
3013
313
323
333
3n3
313
323
333
3n8
3n8
308
308
308
3ng
3213
313
313
3213
313
313
323
323
323
323
323

NENSTITY DSUR N)

s 4TFE=9
1.148"9
“ e aF=9
106

222

324

323

333

4272

666

Te?2n F=5

1e?5 F=9

1487 E=9

2427 F=9

rF

18,1

4000

1140
15,0
1940
2360
27N
35.”

FeN
13,0
1740
2140
2540
2940

6e0

Te0
1240
1540
18,40

STATC

4
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3611
3677
4e64
5468

mmm
1
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58NN13J
621N 12
59NN1
58nN13
58nN13
587013
58NN13
58NnN3
58nN3
58NnN73
580N13
58nNn3
BRANA
580N13
587173
58NN13
580n13
58Nn¢C 3
580013
58NN13
881013
580N73
58nNn13
58nN3
58nn3
58NN13
58nN3
580113
58n0n3
58nN73
58nnNn13
58NnNn3
s8NN13
58NN13
880073
580Nn13
58NN 13
58nNN13
57013
§717N13
57003
57Nn3
57NN3

2R
28
>R
28
» R
28
28
o8
28
o8
28
’8
28
28
28
28
28
28
28
28
28
28
78
28
28
28
28
28
28
28
28
28
28
28
28
28
8
28
87
87
87
87
87

20
2N
2N
30
3N
3N
30
3N
30
an
30
3n
30
3n
3N
1N
3n
30
30
20
3n
30
3N
3n
3N
30
30
30
30
3n
30
30
30
30
30
30
3n
30
30
30
30
3N
3N

64720
Leb4n
Se?20
641N
1,72
6650
Teln
769N
Re,a7N
GebN
14073
Be1N
8.8n
G eb0
1,05
leld
1.25
3,30
380
4ol
5«00
s 70
Rs80
1e16
565N
646N
8400
9450
1,36
6450
Teb0
8490
1405
6450
TebN
8es7N
le01
1,18

e IN

«20
s 75

4N
8400

F=9
=9
)
FemQ

F=9
F=9
Fea9
F=9
FaQ
F=8
F =
F=0
F=9

E=8

F=8
E=9
E=9
=9
F=9
F=0
Fa9
E=-8
F=9
F=0
F=9
F=9

F=9
F=9

E=8
F=0
F=0
F=9
F-8
F=8
F=9
F=8
F=8
F=8
F=8

-147-

3213
333
3373
333
333
343
343
3473
343
3473
343
348
348
348
348
348
348
3213
323
323
323
323
323
323
338
338
338
338
338
348
348
348
348
3563
3572
353
353
3513
308
308
308
298
298

3450

5 ¢k

7enn

217

3423

447N

Fa9

21eN
44N
Te0
1040
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NTETUISTAN NF RENZENE

TeN

57101
5719071
57nn1
57nn1
5701
57711
57001
577N1
57na1
57001
57001
27NN
57001
57nN1
57NN
570N1
57001
57701
57711
570Nn1
57011
57nn1
57NN
57NN
57nn1
57101
57NN
57TNN1
57n0n1
57nnN1
57701
5TNO1
57001
5701
57001
57701
57001
57001
E717N1
57nn1
64NN1
64001
4N
64nC |

PAL

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
46
46
46
46

PEN

33
33
313
33
33
33
33
33
33
313
313
33
33
33
33
33
313
33
33
33
33
33
33
313
33
33
23
33
33
33
33
313
33
33
33
33
33
33
33
33
23
33
33
33

NIF COFF

¢45
e51
«58
«65
«73
+88
1405
1.31
l.76
e 79
«87
096
14,06
1617
10’*4
le24
1,48
2,03
234
e12
o164
17
W20
022
+28
034
+39
o45
o1
e 20
«25
«30
¢35
P |
52
¢63
P
¢ 89
1,04
6.10
2400
6elN
1.88

F=8
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J
™ 0V VDOOWO DD
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-148-

T(KFL)
3773
333
333
333
333
333
333
333
333
343
343
343
343
343
343
353
353
3573
353
353
313
313
312
313
313
313
313
313
313
313
323
323
323
323
323
323
323
323
323
323
296
283
296
313

NENSITY

Y
+53
61
e 70
«80
«99
1421
1455
2613
«81
030
1,02
1,13
1,28
1461
1428
1456
1e84
2617
255
o12
14
«18
¢21
o 24
+31
+39
s &6
55
e63
21
e26
¢332
38
o 45
+58
s 73
+90
1,08
1,29

F=8

L
o

mmmmmmmm
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J
D0 DDV BVDD®OODVDODOD
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NEsuIR Ny

+’5
e15
s17
«17
027
0372

F1
Fl
El
£1
F1

!’.‘
1340n
12900
12900
12800
1290n
11600

13100

STATF
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56001
560N1
567N1
56001
560n1
56Nn01
58NN2
620N2
62nNN2
60001
60NN1
600N1
58nNNn4
67TNnN1
67nNn1
67001
67Nn01
51001
51nN1
51nN1
51n01
51001
64001
64001
64N0N01
64001
4001
64001
A40Nn1
64001
4001
58002

48
4B
48
He
48
48
48
48
48
49
49
49
49
35
35
15
35
37
37
37
7
37
20
2N
2N
1n9
1006
1nG
11N
110
110
95

33
33
33
33
33
33
33
33
33
33
13
33
33
33
33
33
33
33
33
33
33
33
33
33
33
23
33
33
33
33
33
33

9,.,0N
2e25
780N
7.9ﬂ
2e¢3N
B8edN
3400
540N
5410
3.0N
570
1.05
4,90

«5N
1420
2615
5675
8.24
1423
1,76
3495
7605

«27

o 54
4430

67
2e30
Be9N
L4440
105
2¢70
1430

Fe=f

F=6

-149-

298
298
298
298
298
298
298
323
323
273
273
273
298
313
313
313
313
298
298
298
298
298
287
296
313
283
296
313
2813
296
313
298

«922
e322
«922

+ 15
e30
55
1.00

1,515
14515

¢ 305
+595
«822

le2n E-1018000

Fa20D
F=10
F=10
F«10

5e

o 0N D

DO

206
07
+ 08
« 09

19800

15200

10600

sPEPE A



OF FTHYLFNF

NTFELISTOM
TeD POL PFN
48002 37 34
48007 37 34
4800 2 37 34
48007 37 34
LBAND 37 34

DIF COTF

6abts
le&7
o 71
.48
o 4?7

Fe=6
F=6
Fe=b
F=b
E=6

-150-

T(XKFL)

483
435
421
3913
391

NENSITY Nrgnt 0y

65
56
52
54
53

O N N )

—
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—
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NIFFUSION OF ETHANFE

TeD

65300Y4
59Nnn4
590nn5
59nn4
590Nnn5
590nNn5
59nn5
59Nn6
59Nn5
59Nns§
59nns5
59nn5
59n0nNS
59nNNK
59NN5
59006
59NnsK
59nNn§{
59nn5
59Nnn5
59nns§
50NN8§
59nNn8
59NN5
59Nn4K
61NN4
61025

A1N06
A3NNY4G
6£11N5
610n5

POL PEN
51 135
49 35
49 3%
49 25
49 135
49 135
49 35
49 35
49 135
49 135
49 3%
49 35
49 35
49 135
49 135
49 35
49 135
49 25
49 35
49 135
49 15
49 35
49 135
49 135
49 35
51 35
34 138

102 135

168 35

1n8 35

114 35

101 135

OIF COFF

1,23
o411
2470
«75
67
2480
l1.n8
57
24
1.50
e 04
21
le80
30
54
18
ls20
«87
o712
56
8s0N
« N6
13
e 45
5.00

1.2

Fe8
E=7
E=7
Fafg
Fa7
F=7
E=8
E=7
F=7
Em=7
E=7
E=7
Fem?
F=8
Feg
Fa?
Fam7
F=8
Fa?
F=7
Fe=7
E=7
F=7
Fe7
F=7
E=5

G g NF=T

1473

1.18 E=10

E=7

2el4F=7
NelbbFm7

-151~

T(KEL)
298
298
323
273
298
323
298
323
298
323
268
298
323
273
280
298
323
298
323
298
323
273
381
298
323
298

298

298

298
298

298

DENSITY r(syr 0)

1610
«9206
«9206
«9103
«9103
«9103
«9637
«9637
« 9508
9508
e9511
e9511
«9511
«9505
«9505
«9505
«9505
«9639
9639
«9182
«9182
9185
+9185
«9185
«9185

2409

1490

£ STATE
ls9C F-8

E=5 5090

E~7 4492
1430 F-10



NTEFUSTON NF MaDITAMAL

TeD

58NNSY
58016
5R0NK
580NS

POL

38
38
3R
38

PFN
36
36
36
26

PIF COFF
s 4TF =5
e 58F=5
e 70F=5
» 39F=5

-152-

TOKFL)
303
303
303
3n3

DENSITY [ (sUR 0)

STATE

N e O



DTFFUSTON OF ACFTONE

TeD

57NN1
570n1
57n01
57NN
57001
5770
57nNn1
5701
57nn1
57001
57001
57nn1
57001
57001
57001
570N1
57001
57nn1
57nn01
57001
570n1
57001
8570N1
57001
57101
570n1
57001
57nn1
57001
57001
57001
570Nn1
670Nn1
67n01
ATNN1
&70Nn1
67n01
61003
61nn13
61Nn3
610013

POL

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
35
35
35
35
35
36
36
36
36

PEN
38
38
38
38
38
38
38
38
38
1R
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
18
38
38
38
38
38
38
38
38
38
38

DIF COFF

3670
4410
44,60
BettN
6410
5620
6.1”
Teln
8420

«85

95
1,05
1415
1,25
1445
1e70
2605
1.50
165
1,80
1.95
2415
266N
34,10
3460
2425
2445
2.70
2495
3430
4400

s10

¢330

e75
1475
375
1615
4 4,80
1.30
Z2e00

F=8

L
o= 2o« Jie.]
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T(KEL) DENSITY D(SUB 0)

343
343
343
343
343
343
3513
353
353
353
313
313
313
313
313
313
313
313
323
323
323
323
323
3213
323
323
333
333
333
333
333
333
313
313
313
313
313
298
298
298
298

3480
4430
4480
5630
5480
6670
5430
6440
7650
BeTO

+87

«99
110
1622
1434
1,60
190
2436
1453
1672
1,89
2407
2430
?s86
3440
4420
2430
255
2+84
3,13
3450
4440

¢ 05
o068
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e 40
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F-8
F=8
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-154-

NIFFUSTIAN OF ALLYL CHLORINF

TeD POL PFM DIF COFF T(KFL) DENSITY D(stIB n) F STATF
64005 41 479 1,00 F=9 313 01
54005 41 4? 9.0ﬂ E=8 311 .05

A4NN5 41 4?2 Be2N Fm=7 313 o OR



-155-

PIFF JSTION OF CARRON TFRTRACHLORINF

[eD POL PFN  DIF COEF  T(KFL) DENSITY D(<sUR 0) E STATF
sn00n2 37 43 8,6N E=14 298 «N53
500072 37 43 1,79 F=13 298 WaN71



~156-

NIFFUSTON OF CHLORINF

TeD POL PFN DIF COFF  T(KFL) DENSITY [-(&)R 0) F STATF
5NNn1 55 853 14NN Fa? 273 1540 1



NIFFYSTION NF FTHYL ALCOHOL

1.D

64007
64007
64007
64007
64007
64007
64007
64007
64007
654007
6unn?T
64NNT
45001
45001
45001
R8NNS
580N5
EBNNS5
58nn5

PoL

55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
38
38
38
38

PFN
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
S4
54
54

PIF COEF

1.90
4430
5480
6470
1,19
4.00
TelD
9030
9,90
1,12
SeNN
1440
3460
Te20
1416

F=12
Fe12
E=12
Fml2
Fe=11
F=11
F=11
Fw=l1
F=11
F=10
F=13
F=10
E=10
F=10
E=9

243F=5
1416F=5
e 87F=5
1495F=5

-157-

T(KEL)Y DENSITY ND(suUB 0)

2613
298
303
303
3n3
3013
3Nn3

647
8.8
947
1043
11,7
13,5
1444
15,2
16,2
17,9
243
19,7

E

STATF

N IOWwWwNMNN



-158-

NTIFENCTAN OF ATR

TeD POL PFN  DIF COEF  T(KEL) DENSITY D(&HB N) F STATE
2nnny 34 56 1471 F=6 290 4



-159-

NTIFFJSTON OF NINMTITROUS OXIPF

Tel POL PFN  DIF CNOFF  T(KFL) DENSITY NI N " STATF
2nnn 34 BT N472 Fe=b 29n 4



NTEFHISTNAM

TeD

570n1
57nn1
57nn1
57nn1
570n1
577N1
57nn1
57Nn1
57001
57nn1
57nn1
57nn1
57nn1
57nNN1
57nn1
57011
57nn1
57001
57nn1
57nn1
57An1
57NN
570N1
570N1
577N1
57701
57101
57nn1
57nNn1
57001
57001
57001
57nn1
5700
4a5nni
580NK
58nN5
38NN5
580n5
450N

POL

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
61
28
3R
38
38
55

DEN

58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
AR
58
X}
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58

NF METHANMA

DIF COFF
«87 E=7
«92 E=T7
096 F=7

1enl F=7

1408 F=7

leNB E=7

14n8 E=7

1.08 Fa?

16?75 Fe=7

le4l E=7

1.50 E-7

le61 E=7

la61 E=7
leb61 F=7

1.61 =7

1eb61 F=?

1.61 F"?

2418 F=7

2.]8 Fe7

2018 Fa=7

20]R r=7

2418 F=T7

l ¢ LO Y]

2418 F=7

3606 Fe=7

3606 &~7

3406 F=7

34N6 F=7

3406 E=7

L4a4n Fm7

L4 F=7

bolin Fa7

LoD Em?

2420 F=10

10,3F=5

205F‘5
297FE=5
7¢37€=5
le7n =10

-160-

TIKEL)
313
313
313
313
313
313
313
313
313
323
323
323
323
323
323
323
323
323
333
3313
333
433
333
333
343
3413
3413
343
3473
353
353
353
353
298
3in3

3n3

3n13

3013
298

NDENSITY n(aql
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88

(R

DIF COFF
6453 Fmb
8e0N9 FE=6

-192-

T(KEL) DENSITY D(SUBR n)

303
313
323
333

343

131 E=4

E

3800

STATE

513 F-6
5089 E-6
6,78 F-6
8417 E-6

9.68 F-6
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SULFUR NIOXIDF

PIFFUSTON OF
TeD POL PEN
63004 51 89
61006 51 89
61006 108 89
63004 108 89

DIF COEF T(KEL) DENSITY
5430 E=8 298 1,10
5483 E=5 298

1,16 €E=6 298

Te90 E=10 298 1,46

DLsyB 0) E STATE
Te34 E-8

8.08 E=~5 54655

2063 E=6 4ottty

1.80 E£-9
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DIFFUSTON OF RFNZOPURPURINF 4R

TeD POL PFN  DIF COEF  T(KFL) DENSITY PLSUB 0) E STATE
64006 47 9n 2416 E=9 383
64006 47 90 4460 E=11 323
44006 47 90 5S¢70 E=11 323
64006 47 90 9440 E=10 298
64006 47 90 4420 E=10 294
64006 47 90 369

64006 47 90 3400 E=10 303
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NIFFUSTION NOF M=BFNZOPURPURINF

TeD POL PFN DIF COEF TU(KFL) DENSITY ND(euB 0) E STATF
84006 47 91 1,66 E=8 363
64006 47 91 6492 E=10 324

64066 47 91 T.77 E=11 298



NIFFUSION OF CHLOR7OL SKY BRLUE FF

feD

65001
65001
65n01

65001

47

a7

47

47

POL PEN

92

9?2

9?2

92

DIF COEF

3464 E=9

1.30

E=9

2627 F=9

60

E=9

-196-

T(KEL)
363
348
363

348

DENSITY ND(sUB 0)
o0
o0
5

5

E

STATF
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PIFFUSTON NF DIFLOURNCHLORAME THANF

TeD POL PEN DIF COEF T(KFL) DENSITY nEsuB 0) E STATE

66001 49 93 4,16 F=5 461

66001 20 93 4402 E=5 461



NIFFUSION OF PROPYLAMINE

TeD POL
67001 35
67001 315

67001 35

PEN

94

94

94

PIF COFF
s 70 Fe=B
1,80 F=8

5S¢l E=8

-198-

T(KEL) DENSITY ND(SUB

313
313

313

o1%5 F=B
.45 F=8

l.10 E=8

0)

04
¢ 05

e 06

E

STATE



NIFFUSTON OF PROPANOL

TeD

58005
5800%
580N0%

58005

POL PFN
38 95
38 95
38 95
38 95

DIF COEF
1406E~5
e 73F=5
¢ 33F=5

. 70F"5
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T(KEL) DENSITY D(sUB 0)
303
303
303

3013

E

STATE



PIFFUSTON OF (¢3H4

TeD POL PFN DIF COEF
102 101 1,0%F=7
610n% 114 1n1  3,1F=7
61008% 34 101 S5.0F=7
61005 101 101 O4247E=7
61005 101 102 0,106E=7

102 101 3,4,7F=7

-200-

TIKEL) DENSITY D(stB 0)
298

298

298
298

318

E

STATE



NIFFIISTAN OF C3Hé

61008
61008
6100S%

61N05

POL
102
1n2
114

34

PFN

102
1n2

1n2

DIF COFF
262F=7
De58E=7
2.E=T7

Jel1Fm?

-201-

T(KEL) DENSITY N(suB 0)
318
298
298

298

E

STATE
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Appendix C

Coding Key for Abstracted Data



COLUMNS
COLUMNS
COLUMNS
COLUMNS
COLUMNS
COLUMNS
COLUMNS

COLUMNS
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8 THROUGH 12 CORRESPONDS TO CHRONOLOGICAL IDENTIFICATION NUMBER

16
20
25
35
42
50

60

THROUGH

THROUGH

THROUGH

THROUGH

THROUGH

THROUGH

THROUGH

18
22
32
39
47
57

64

COLUMN 67 CORRESPONDS

STATE

STATE

STATE

STATE

1 -

2 -

3 -

4 -

CORRESPONDS TO
CORRESPONDS TO
CORRESPONDS TO
CORRESPONDS TO
CORRESPONDS TO
CORRESPONDS TO

CORRESPONDS TO

DIFFUSIQON MEDIUM (POLYMER)
PENETRANT

DIFFUSION COEFFICIENT (SQ.CM./SEC)
TEMPERATURE (DEGREES KELVIN)
DENSITY (GM./CUBIC CM.)
ARREHENIUS DIF. CONST. (SQ.CM./SEC)

ACTIVATION ENERGY (CAL./MOLE)

TO STATE, IF NOT SPECIFIED THE STATE IS GASEOQUS

LIQUID (SOLN)

LIQUID (PURE)

VAPOR

GAS



OO 30 U WM
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- O

-204-

DATA CODE FOR DIFFuUsSIUN MEDIUM

ACRYLAMIDE POLYMER GEL
HYDROPHILIC POLYMERS
POLYELECTROLYIE COMPLEX
POLYMETHYL ACRYLAIE

EPOXY

DIBUTYL MALEATE

VINYLIDENE CHLORIDE-ACRYLONI{RILE
POLYESTER

URETHANE FOAM

LEXAN

ARALDITE

2-HYDROXYE IHYLMETACRYLAE
GLYCERAL METHACRYLAJE
METHYL POLYAMIDE

ISOMERIC POLYHYDROXYE iHERS
EPOXY RESIN
CELLULOSEACETAE BuivKAL
BUTADIENE STYRENE
GUTTA=PERCHA

POLYPROPYLENE

TEFLON=52

POLYFLOURONATED E|HYLENE rruryiLbnk
BUTADIENE~ME THYLMETHACRYLATE
LEXAN(POLYCARBONA iF)
BAKELITE

NEOPRENE

POLYVINYLCHLORIDE
CELLULOSE PROPIONATE
PHENOLFORMALDEHYDE
KEROSEAL

POLYDIMETHYL DIOXANE
HYDROGEL

BUTYL RUBBER

RUBBER A (el MOLE ( VINYL Gkuur)
POLYVINYLALCOHOL

CELLULOSE ACETAiGE
POLYSTYRENE

CELLULOSE

POLYAMIDE
ETHYLENEVINYLACE (AGE
POLYVINYLACETAIE

CELLULOSE NIiKAE

NYLON (DRAWN)

POLYME {HYLMEiHACRYLA(E
MYLAR

ETHYLENE=PROPYLENE COPOLVMEK{49-51)
CELLULOSE

LATEX FILMS

POLYETHYLENE

VINYL FILM

ETHYL CELLULOSE

DIFFUSTUN
DIFFUSION
DIFFuUslun
DIFFUSION
DIFFUSION
DIFFuUsSION
DIFFLLION
DIFF__ION
DIFFLUION
DIFFLLION
DIFF_ L TUN
DIFFLLIUN
DIFF_LION
DirFrool v
DIFFULION
DIFFLULION
DIFFL_TUN
DIFFLULTIUN
DIFFL.ION
Virruotun
DIFFLLION
DIFFusTune
DIFFULIUN
DIFFLLION
DIFF__ION
DIFFLLION
DIFFuLLTuU
DIFFusIUN
DIF"'U\JIQI‘
DIFFuUS>ION
DIFFuUsIUN
DIFFULTUN
DIFFLULIUN
DIFFL_Tun
DIFF__LIUN
DIFF_LIUN
DIFF__IUN
DIFF_LTUN
DIFFLLION
DIFF LTIun
DIFFLLION
DIFF__Tu
DIFF__Tun
DIFF__ION
DIFF__Tun
DIFFL.Tun
DIFFLLTUN
DIFFULIUN
DIiFFGol i
DIFFUSIUN
DIFFLLION

MEDIuUM
MEDIuM
mEDIum
MEDI UM
MEDI UM
MEDIuUM
MEDI_M
MEDIUM
MEDIUM
MEDIuUM
MEDI M
mEDI wM
MEDI_M
aEDLG,
MEDIUM
MEDI UM
MEDI UM
MEDIUM
MEDIUM
mMEU Lum
MEDI M
mEDIum
mMEDIuUm
MEDIUM
MEDI M
MEDIUM
mEDIum
MEDIum
mEDTum
MEDIuM
MEDIuUM
mMEDI UM
MEDIuUM
mEDI_m
MEDI_M
MEDI M
MEDI .M
MEDI M
MEDIUM
|'IEDIuI'1
MEDI UM
mEDI Lm
mEDI _m
MEDI_M
mED I m
mEDIuUM
mEDI UM
MEDIuUM
v-tUIUI'I
mMEDI UM
MEDIUM



52
%13
54
59
56
57
58
89
60
61
62
613
64
65
66
67
68

70
71
72
73
T4
75
76
77

79
80
81
82
83
84
8%
86
87
88
89
90
91
92
93
94

96
97
98
99
100
101
102
103
104
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SARAN

TRIFLOUROCHLOROE {HYLENE

POLYISOBUTYLENE

KERATIN

COTTON

POLYVINYLBUIYRAL (UNS | KE | CHED)

CELLULOSE ACETATE BUiYRATE

BUTADIENE~ACRYLONI TRILE CO=FULYMEK

CHLOROPRENE

HORN

RUBBER HYDROCHLORIDE

POLY1SOPRENE

1SOPRENE~ACRYLONITRILE CUPULYMEK

POLYBUTADIENE

PERBUNAN 18

PERBUNAN (GERMAN)

HYCAR OR25

HYCAR OR15

BUTYL RUBBER

POLYMETHYL PENTADIENE

VULCAPRENE A

METHYL RUBBER

RUBBER B (1 MOLE ( VINYL GROUP)

RUBBER C (e1 MOLE ( VINYL GROUP)

CELLULOSE ACE(AIE (37+9( ACETYL)

CELLULOSE NITRATE (1lu( N)

POLYVINYL TRIFLOUROACE{AVE

METHYLACRYLATE~SODIUM ACRYLAIE (8,92}

METHOCEL

POLYSODIUMACRYLATE

POLYACRYLIC ACID
METHACRYLATE-ACRYLIC ACID 8,92

METHACRYLATE=SODIUM ACRYLATE6L, 40

METHACRYLA |E=ACRYLIC ACID 6., 4.

METHACRYLA i E=50DIuM ACRYLAE89,11

POLYISOBUITENE

GR-S

BALATA

HYDROGENATED GR=$

HYDROGENATED POLYBUIADIENE

HYDROGENATED POLYISOPRENE

CROSS LINK PALE CKEPME

RAW PALE CREPE RUBBER

POLYTHENE

NYLON (UNDRAWN)

POLYVINYL BUTYRAL (STKREICHED)
P=76 MOLDED PE GkADE
ALATHON-34 MOLDED PE GRADE
SUPER DYCLON (MOLDFD) »E GrADE
GREX

ALATHON-14 (MOLDED) PE GrADE

VINYL CHLORIDE~-vINYL ACETAVE 87/13

POLYAMIDE~NYLON 66

DIFFULION
DIFFLLION
DIFFuUSTUN
DIFFULION
DIFFUSION
DIFFUSTUN
DIFFusTun
DIFFUUIUN
DIFFUSTION
DIFFULION
DIFFUSTON
DIFFULIUN
DIFFusIuN
DIFFusTUN
DIFFuUSION
DIFFUSION
DIFFULUSION
DIFFULION
DIFFUSTON
DlFFuUST U
DIFFULTION
DIFFUSION
DIFFUSION
DIFFUSIUN
DIFFLLIUN
DIFFLULION
DIFFUQIUN
DIFFusTun
DIFFUSTUN
DIFFusIUN
DIFFUSTON
DIFFLULION
DIFF__ION
DIFF__ION
DIFF__TUN
DIFFLLT Uiy
DIFFLLIUN
DIFFUSTON
DIFFUSION
DIFFuLTUN
DIFFLLTun
DIFF__IUN
DIFFUSION
DIFFySION
DIFFULION
DIFFUJIUN
DIFFLLIUN
DIFFuUSION
DIFFuLTUN
DIFF__ION
DIFFULIUN
DIFFLLIUN
DItFrusTun

MEDIUM
MEDIUM
mMEDTum
MEDIuUM
MEDIuM
MEDTum
mEDTum
MEDI UM
MEDIuUM
MEDI UM
MEDIuM
MEDIum
mEDIum
MEDIuUM
MEDIuM
MEDIUM
MEDTIUM
MEDIUM
MEDIuM
mED Tum
MEDIuUM
MEDIuM
MEDTuM
MEDIuM
mMEDIum
MEDIUM
mEDITum
MEDIuM
mEDTum
MEDIum
MEDIuUM
MEDIUM
MEDIM
MEDIUM
MEDI M
mED T U
MEDIUM
MEDIuM
MEDIuUM
MEDIuM
MED I uM
MEDI_M
MEDIuUM
MEDIuM
MEDI UM
mEDIum
MEDI UM
MEDIUM
mEDIumM
MEDI_M
MEDIUM
MEDI UM
MEDTum



105
106
107
108
109
110
i1
112
113
114
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SILICONE RUBBER

TEFLON 89

COPOLYMER OF [EFLON 89 AND 52
NITROCELLULOSE

POLYHYDROXYETHEK

T72( PROPYLENE=28( EIiHYLENE CurutYmEr
31( PROPYLENE~69( ETHYLENE COPOLYMER
ACRYLAMIDE-METHYLDENE BIS~ACKYLAmMIDE
PLIOFILM NO

HYDROPOL

DIFFuUSION
DIFFuUSION
DIFFuUSION
DIFFULION
DIFFLLTUN
DIFFuUST U
DIFFUSION
DiFFuolun
DIFFUoTUN

MEDIyuM
MEDIuM
MEDIuUM
MEDIUM
MEDI UM
mEDlum
MEDIyuM
mEDIum
mEDIum

NIFFUSION MEDIUM



ODIPIPRP DN

DATA CONF FOR PENFTRANT

SUCROSF

UREA

KCL

h20

H20

OXYGFEN IN AIR
OXYGEN IN H20
METHYL ACRYLATE
CHLOROFORM

HE

A

MFTHANF

OXYGEN

HYDROGEN

NFON

CARBON DIOXIDE
SULFUR HEXAFLORIDF
TRITIUM
DFUTFRIUM

HF 4

NITROGEN
PROPANE
CHLOROMFE THANE
FLOUROFORM
DINCTYL PTHALATE
N-BUTANE
N=-PENTANE
NFO=-PENTANE
I150=BUTANE
ISO=PFNTANE
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1-BENZENEAZO=2-NAPHTHOL

BENZENE
ETHYLENE

FTHANF
N=BUTANOL

FTHYL FTHER
ACETONE

MFTHYL CHLORIDE
NACL IN WATER

VARIOUS METHYL BRsI,,CL

ALLYC CHLORIDE

CARBON TETRACHLORIDE

CHELOHENANE
N-HEXANOL

19192=TRICHLOROETHANE
15142=TRIFLOUROCETHANE

DYES

ETHYLENE GLYCOL
XYLENFS

NITROGEN DIOXIDE

SURSTANCF
SUBSTANCE
SUBSTANCE
SURSTANCE
SUBSTANCF
SUBSTANCE
SUBSTANCE
SURSTANCE
SURSTANCE
SUBSTANCE
SURSTANCF
SURSTANCE
SUBSTANCE
SURSTANCE
SUBSTANCE
SURSTANCE
SURSTANCE
SUBSTANCE
SUBSTANCF
SURSTANCE
SUBSTANCE
SUBSTANCE
SURSTANCF
SUBSTANCE
SURSTANCFE
SURSTANCF
SURBSTANCE
SUBSTANCE
SUBSTANCE
SURSTANCE
SUBSTANCF
SURSTANCF
SUBRSTANCF
SURSTANCF
SURSTANCF
SURSTANCF
SURSTANCF
SURSTANCE
SURSTANCE
SUBSTANCE
SUBSTANCE
SURSTANCE
SUBSTANCE
SUBSTANCE
SURSTANCE
SUBSTANCE
SURSTANCE
SUBSTANCE
SURSTANCE
SUBSTANCF

DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DTIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
STFFUSING
DIFFUSTNG
NDIFFUSING
DIFFUSING
NIFFUSTING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
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BINARY MIX
CHLORINE (CL2)
FTHYL ALCOHOL -
UREA SOLN

AIR

DINITROUS OXIDE
METHANOL
DTIBROMOME THANF
TRIBROMOMF THANE
TODOMETHANE
TRICHLOROME THANF
DTCHLOROME THANE
ACETYLENE
CYCLOPROPANE
PICHLOROETHANE ( CH2CL=CH2CL)
DITODOMETHANE
DTICHLOROE THANF ( CH3aCHCL2)
CHLORORUTANE
CHLOROPROPANF
HYDROGEN SULFIDE
KRYPTON

OCTADFCYL STFRATF
OCTADECANE
OCTADECANOL
STERIC ACID
HEXENF
CYCLOHEXANE

NEOHE XANE
3=-METHYL PENTANE
N=-DECANE

N=OCTANE

N~HEXANE

BROMOME THANE
ISOBUTYLENE
AMMONTA

CARBON MONOXIDE
NEON=BUTANE

SULFUR DIOXIDE
BENZOPURPURINE 4B
M=BENZOPURPURINE
CHLORZOL SKY BLUE FF
DIFLOURNCHLOROMETHANE
PROPYLAMINE
PROPANOL

FTHYL ACETATFE
PROPYL ACETATE
1SOPROPYL ACETATE
BRUTYL ACETATF
TRIOCFTIN

METHYL ACETYLENFE
PROPYLENE

SURSTANCF
SUBSTANCE
SUBSTANCE

SURSTANCF
SUBSTANCE

SURSTANCF
SUBSTANCE
SURSTANCFE
SURSTANCF

SUBSTANCE
SURSTANCF
SUBSTANCF
SURSTANCFE
SUBRSTANCE
SUBRSTANCE
SUBSTANCFE
SURSTANCE
SUBSTANCF
SURSTANCE
SURSTANCF
SURSTANCF
SURSTANCF
SURSTANCF
SUBSTANCE
SUBSTANCE
SURSTANCE
SUBSTANCF
SURSTANCE
SURSTANCF
SURSTANCF
SUBSTANCF
SURSTANCE
SUBSTANCE
SURSTANCF
SUBSTANCE
SUBSTANCF
SUBSTANCE
SURSTANCF
SUBSTANCE
SUBRSTANCE
SUBSTANCE
SURSTANCF
SUBSTANCE
SUBSTANCE
SURSTANCE
SURSTANCE
SUBSTANCE
SURSTANCF
SURSTANCF
SURSTANCE
SUBSTANCE

DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING

DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSTING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
NPIFFUSING
DIFFUSING
NIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
DIFFUSING
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Appendix D

References for Appendices A and B
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CHRONOLOGICAL LISTING OF BIBLIOGRAPHIES CONTAINING DATA

20001 DAYNESsHe Ao
20001 PROC ROY SOC A974286 (1920)

39001 BARRTIERsReMe
39001 TRANS FAR SOC 35,4628 (1939)

45001 KINGsG
45001 TRANS FAR SOC 41,325 (194%)
45001 COL 73 = SLAB THICKNESS

47001 CARPENTER A« Se
47001 TRANS FAR SOC 43,529 (1947)
47001 VAL COL 45 = ORIG PRESsVAL COL 55 = FINAL PRES IN CM HG

47002 VANAMEROGEN 4GeJe
47002 JePOLeSCIe24381 (1947)

48001 HAUSER 4P oMo +MCLAREN A D
48001 I4EC 40 NO1,112(1948)
48001 VALUE COL 55 = RH ( ()

48002 NEWITTsDeMe+WEALE yKoE o
48002 JeCHEM.SOCe 1541(1948)
48002 VALUE COL 5% = PRES(ATM)

49001 CRANK 3 Je +PARK $Ge S
49001 TRANSFARADAY SOCe 4519240(1949)
49001 VALUE IN COL 55 = INITIAL CONC

50001 ALEXANDERsPe+ GOUGH D+ +HUDSONR.
80001 TRANS«FAR«SOCe 45 (19%0)
50001 VALUE IN COL 55 = ( CHLORINE IN SOLN

50002 PARK ¢GeSe
500n2 TRANS FARADAY SOCe #64+684(1950)
S00C?2 VALUE IN COL 50= vOL FRAC OF PENETRANT

50003 VANAMEROGEN 9GeJe
50003 JePOLsSCIe5930T7(1950)

81001 TRANS FARADAY SOC 47,1002 (1951)

51001 PARK3GeSe
51001 COL 49 = ( REGAIN OF PENETRANT

%1002 PRAGERsS + LONGyF.A.
81002 Je AMe CHEMe SOCe 7344073 (1951)
81002 COL 49 = PRESSURE (INITIAL)

82001 PRAGERsSesETs ALs
52001 Je AMy CHEM, SOC4975912%5519%53
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85001 AITKENsAe + BARRER)ReM,
55001 TRANS. FARADAY SOC, 504116 (19%5)

55002 LONGyFeAe + THOMPSENsLoJo

55002 Je POLY SCl. 159413 (1955)

55002 COL 70 = WATER PRESSURE (MM HG)
55002 COL 73 = FILM THICKNESS (CM E=3)

56001 HAYES¢M + PARKsGeSe
56001 TRANS FARADAY SOC 52,949 (1956)
56001 COL 69 = VOL FRAC BENZENE

56002 HEILMAN,We ET AL
56002 lTe+EeCe 48,821(195%8)
56002 COL 73 = PRESSURE (MM HG)

860013 HUGHESsLeJo ET AL
560n3 Jo POLY SCI 22,4509 (1956)
56004 CoOL 73 = ( RH

57001 BARRERJReMe + BARRIE, JoAs

57001 Je POLYe SCI VOL 23 1957

87001 COL 73 = CONCENTRATION TIMES Ea 4
57001 COL 41 = A DIFFUSION TECHNIQUE WITH COMPARATIVE COEFFe

57002 MEARESsP,
57002 TRANS FARADAY SOC 53,101 (1957)

57003 COL 73 = ( REGAIN OF ISOPENTANE

58001 AUERBACK ET AL

58001 Jo POLY SCI 28,129 (1958)

58001 COL 73 = OCTADECANE CONC (G1100G)

58001 COL 60 = KINEMATIC VISe DIVIDED BY VOL.
58001 COL 30 = INTRINSIC VISCOSITY

58002 BARRERsReMe + FERGUSSONsR.Re
58002 TRANS FARADAY SOC. 544989(1958)

580013 BARRERyRe AND BARRIEyJs AND SLATER,J,
58003 JePeSCe 27(177-97)1958
38003 COL 60 = CONC OF PENETRANT X ES (MOLFS/CC)

58004 MCCALLsDe AND SLICKTERsWe
58004 JeAeCoeSOCe 1861(1958)
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58005 TICKNORsL «Be

58005 Je

58005
58008
58005
58008

58006

59001
590M1

59002
89002
59002

59003
59003
59003

59004
59004

60001
60001
60001

60002
60002

61001
61001

61002
61002
61002

61003
61003
61003

61004
61004

61005
61005

> > > 3>

PHYSe CHEMe46291483,1958
IN COL 67 MEMBRANE SWOLLEN IN 60 PFRCENT ETHANOL
IN COL 67 MEMBRANE SWOLLEN IN WATER
IN COL 67 MEMBRANE SWOLLEN IN 3 PERCENT SODIUM HYDROXIDE
IN COL 67 SELF DIFFUSION COEFFICIENT

DWN =

COL 45 = CONC OF PENETRANT (MOLES/CC XxE4)

RRANDT sWe
JePeSCe 419415(1959)

CHMVTOVsKe
RUSSIAN Jeo PHYSICAL CHEMe 333NOe7,91989
CoL 60 = DOSE IN ROENTGEN

KLUTEQC.
JeAPP, POLY. SCle 360,195%9
COL 60 = TECHNIQUE FOR MEASURING COEFF.

MICHAELS AND PARKER
JePOLYs SCle 4195341959

ROGERS+Ce ET AL
Jeo POLYe SCle 45461(1960)
COL 60 = RATIO OF PARTIAL PRESSURE TO PURE VAPOR PRESSURE

WHITE¢Me Lo
Jo PHYSe CHEM, 4644156341960

KUMINS¢sCe AND ROTEMANsJe
JeOFPOLYSCIe 55451961

MYERSsAeWe ET AL
TAPPI 44,58(1961)
COL 68 = VAPOR PRES H20 (MM HG)

PARKsGeSe
TRANS¢FAReSOCs 2314,1961
coL 67 = vOL FRAC ACETONE

1TOsYUKIO
KOBUNSHI KAGAKU 18,4(1961)

Ae MICHAELS AND He BIXLER
Je OF POLYs SCle VOLe1l9Pe4d13 (1961)



62001
62001
62001
62001
62001

62002
62002
62002
62002

62003
62003

62004
62004
62004
62004

63001
63001

63002
63002

63003
63003

63004
63004
63004

63008
63005

63006
63006

64001
64001

64002
84002

64003
64003

64004
64004
64004
64004
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BARRER¢BARRIFE s +RAMAN
POLYMERSLONe34595,4(1962)

COL 2% = STEADY STATFE DIFF COEFF
COL 67 = TRANSIENT DIFF COEFF

NOTE! DIFFERENCE BETWEEN RURBER A ANN C IS IN STOCK

BARRERsBARRIEJAND ROGERS

TRANS FAR SOC 58,2473(1962)

COL 2% = STEAVDY STAle virr Clorer
COL 67 = TRANSIENT Virr Clcrr

LUNDBEKGsJebLe EI AL
JeOFPOLYeSCIe 579275(1962)

MCGREGORsRe sPETERSsReHe AND PEjROPOLOUSsJoHe
TRANS FARe SOCIETY 5B84771(1962)

COL 42 = PRES (MM HG)

CoL 53 = RECEIVING vOoL CC.

BRIXLER¢HeJe FT AL
Je OF POLYe SCle 14895(1963)

BRANDTsWe ET AMYSAS,G.
Jeo APPs POLY SCle 751919(1963)

EVANSysFePe
AWRE (UNTTED KINGDOM) NOe 0-45/63

HSTEHsPaYe
JeAPP, POLYeSCle 741743,(1963)
COL 2% = D COEFF(VOL)+COL 61 = D COEFF(GRAV)

LUNDBERGsJelLe ET AL
[eAND EeCe FUNUe VUL 2 inGel93/(1963)

NORTONOF.J.
Je APPe POLY, SCle 741649(1963)

FRENSDORFF¢HeK e
Je OF POLYe SCle 24333(1964)

FRISCHyHe AND ROGERSsCe
Je CHEMs PHYSe NOW9 40,511964)

GIBERSONsR
Je POLYe SCle 2+4965(1964)

KAWASAKI 9sKe AND SEKI|AsYe
Je OF POLYe SCle 242437(1964)
COL 48 = WATEK CUnIEmI (()

COL 44 = FILM TrREATMENI 1=-DrY HEA| 2-AwuEcu$ HEA,

3-nu HEAY



64005
64005
64005

64006
64006

64007
64007
64007

65001
65001
65001

65002
65002

65003
65001
65003

66001
66001

66002
66002

66002

660013
66003
66003

67001
67001
67001
67001
67001

67002
67002
67002A
67002A
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KISHIMOTOsAe AND MATSUMOIO4K .
Je APPs SCTe 24679(1964)
COL 59 = PENEIxANT CunCe (G/G)

MCGREGOR Re AND PETERSsReH
TRANSe FARe SUCe 6052062(1964)

WATTs14Ce
JeAPP, POLYs 5Cle B+283511964)
COL 47 = ( vOL oSWEwLwLInG UF FIBE..

MCGREGUKsxe Fi Al
TRANSs FARe SUCe 6142569(1965)
COL 49 = SALI COnC (G/G)

MEARESsP,
Je APPe POLYe 5Cle 949175(1965)

HALEOW. Et SIENSIROMy Je
Je POLYe 5Cle 3393843,(1965)
CoL 57 = 167 77

DURRILLsPe Ei GKRILKEV pKe
AeleCHeEode 129i5e64F1147(1966)

WILLIAMSowe Ei GILLELIE, T
Je POLYe 5CIs 45933,(1966)
COL 63 = CONC{L/LL)

WELLONSsJe E1I SiAiwinEi iave
Je POLYe 5Cle 49593,(1966)
COL 64 = CunC ({ H2ui

MORRISONsMetE o

AeToCHeFaJe 134N0e4»B15(1967)

COL 28 = D COEFF BASED ON Wi FKAC
COL 43 = D COEFF BASED Ow ACTIVITY
COL 58 = MAsS FRAC PENFEIKAN

ROBESONsLeMe E1 SMTiIHs el
JoAppo POLYe SCIO VULOZ 2007’(1967)

COL 24 = DSUBZEKRULU Fuxk EIiHANE CulL 41 = D SUBLEnu BuiAnE

COL 3% = D ENERGY Fun BUiAKE Cou 50 = D ELEIGY

Fo..

EiHAE
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Appendix E

Bibliography of Related Work
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CHRONOLOGICAL LISTING OF BIBLIOGRAPHIES OF GENERAL INIERESI

24001B ANDREWSsDe AND Je JOHNSTON
24001B  Je AMe CHEMs SOCe 469P64U (1924)

27001B LOWRYsRe AND Ge KOHmAN
270018 Jo PHYSe CHEMs 31,4P23 (1927)

28001B  LEOPOLD AND JOHNSTON
28001B Jeo PHYSe CHEM, 32,P876 (1928)

29001B  SHEPPARD AND NEWSOME
290018  Jeo PHYSe CHEM.s 33,4P1817 (1929)

29002B SHEPPARD AND NtWSUMC
290028 Je PHYSe CHEMe 33,P1158 (1929)

36001B TAYLORy HERRMANN AND nEmr
360018 T4AND EeCe 2B911 (1936)91255

37001B PRARRER)R M.
370018 NATURF 140410641937

37002R DAYNES
37002B TRANS FAR SOC 1937 (531-544)

39001B HENRY
39001B PROC ROYAL sSuC 1939 (171-215)

390028 PBRARRERsR.Me
39002 TRANS FAR SOC 3591Y39Y(084~6>7)

400018 BARRERsReMe

40001R TRANS FAR SOC 36,194U(644~48)
41001R PBARRER¢R.

410018 TRANSe FARe SOCe 374P59u (1941)

410028 KINCAIDy ETe AL
410028 CHEMs REVe 284P301 (1941)

410038 NEALE AND STRINGFELLOW
41003B TRANS. FARe SOCe 379P52% (1941)

42001B LIEBHAFSKYsH,
42001B INDe AND ENGe CHEM, 34,4PT704 (1942)

42002B BARREyR.
420028 TRAN. FAR. SOC. 38,P322 (1942)

42003B BRARRERR.
42003B TRANe FARe SOCe 39,P237 (1943)



440018
440018

440028
440028

4400138
440038

450018
450018

470018
470018

480018
480018

490018
490018

490028
490028

490038
490038

490048
49004R

$00018
500018

500028
500028

500038
500038

500048
S0004R

500058
50005R

300068
500068

SPtaKMeN
TRANSe FAR. SOCe

ALEXANDERy ETe
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404P6 (1944)

AL

TRANe. FARes SOCe 404P10 (1946)
KEMPsFTe Al

INDe AND ENGe CHEMe 361(2)sP109 (1944)
KING

TRANe FARe SOCe 4#14P32%5 (1945)
BARRER R

TRANe FARe SOCe 43,P3 (1947
DARKENsL o

TRANe AeleMeEs 175,P184 (1948)
HARTLEY »Ge

TRANe FARe SOCe 454PB820 (1949)

CRANKg¢Je AND M.
TRANe FARe SOCe

CRANK s Je AND Mo
TRANe FARe S0Ce

HARTLEYsGe AND Je

TRANes FARe SOCe

GOUGH AND HUULSON

TRANes PARe SOCe
ROBINSONsCo
PROCe ROYe SOCe
CRANK ¢ Je
TRANe FARe SOCe.
PARKER R

MeleTe

RUSSELLsE
NATURE 1654P91. ¢

SIMRIL’V. AND Ao

HENRY
494Po20 (a2w,,
HENRY
45,P1119 (1949)

CRANK
45,4,PB01 (1949)

4%,P1109 (1950)
(19%0)

204A,4P339

4649P450 (1950

THESIS 1950

19%0)

HERSHBERGEK

MODe PLASTICS 274975150 (JUNE 1950)



500078
500078

51001R
510018

510028
510028

510038
510038

510048
310048

510088
510058

510068
510068

510078
510078

510088
S10088

$10098
510098

820018
520018

520018
520018

520028
820028

520038
520038

520048
520048

520038
520058

520068
520068
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BOYER’R.
Je OF POLYe SCle 54P139.(1950)

CRANK s Jo
TRANS FAR SOC 474450 (1941)

CRANK ¢J + ROBINSON,Ce.
PROC OF ROY SOC A2U4,549(1951)

PARK G
TRANS FAR SOC 939i0/¢ (1724

MERCER4E .
Je OF POLY SCI V1,464(1951)671=680

BARRER¢R«Me + GROVE
TRANS FAR SOC 47(1951),826~844

MANDELKERNsL + LONGsFeAe
Je POLYe SCI 64457(1951)

CRANKsJ + PARK+GeSe
TRANS FAR SOC 47,1072(1951)

MERCERsEoHe
JePOLY SCI 64671(1951)

MCLARENsAeDe + ROWENSJoWe
Je POLY SCI 74289(1951)

HUTCHEONsAeTe T AL
Je CHEMe PHYSICS 20(8)19%2,1233

QUACKENBROSsHe + HILLsJe
TRANS AeSeMeEe Th941(1952)

DOOLITTLEsAeKs
Je APP, PHYS, 23+236(19%2)

STOKESsR.
TRANS.FAR+SOCs 88741952

KOLSESsLONG + HOARD
Jeo OF CHEM PHYS 20(11)41711(1952)

BRUBAKERsDeWe + KAMMERMEYERsKe
Te+ FoCoe 4441465(1952)

PARK9GeSe
TRANS FAR SOC 48451191952



53001R
530018

530028
530028

530038
530038

530048
530048

530058
53005R

530068
530068

530078
530078

830048
530088

530098
530098

540018
540018

540028
540028

84003R
540038

540048
540048

5400%R
540058

540068
540068

550018
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PRAGERsSe ET AL
JvoCoSo 75’1255(1953,

TRELOARSL
TRANS FAR SOC 494816 (1953)

BARRERsRe
Je PHYS CHEM 57(35)19513

RUECHE yF o
Je OF CH PHYSICS 21(10)41953

KOKES ET AL
JoeAeCeSe 754319(19%3)

BRUBAKERsDeWe + KAMMERMEYER K.
Te+ EeCe 45(5)91148+1953

CRANK ¢ J
JOURes OF POLY SCleX1(2)9151,19%3

PARK §Ge
Je OF POLY SCI X14(2)1997»1953

DRESHAELsPe ET AL
Je POLYe SCl, 10424141953

FRISCH + STANNETT
Je POLYe SCIe9X11145131(1954)

KAMMERMEYER + bKRUbARCK
CoeFEePs 90(21)9-309l100 "

KAMMERMEYER + BRUBAKER
T1e4FeCe 46(4)973341954

PINSEY ET AL
WADC TECH REPORT 53-133,JUNE 1954

LONG.FOA. + THOMPSON’L.J.
Je POLY SCI 146,321(1954)

MEARESsP.
JeAeCoaSe 764341531954

FC TECH RES REP MCC-1023=TR-194 (195%5)



85002R
550028

55003R

550048
55004R

550058
550058

550068
550068

550078
580078

550088
550088

550098
55009R

850108
55010R

560018
560018

560028
560028

5600138
5600138

560048

860058
560058

560068
560068

570018
870018

570028
570028

570038
570038
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FRISCH ET AL
Te+EoCe 47(12)9252441955

Je POLY SCI XV1981,89 (1955)

ENDERRYs Je
TRANS FAR S0C4504106(1955)

CRANK s Je
TRANS FAR SOC 5041632(1955)

HAYESsMeJo + GeSe PARK
TRANS FAR SOC 5141134(1955)

RENTsGe + PINSENY
WADC TECH REP 53~133 AUG. 1955

STANNETTeVe + SZEVARCyM.
Je POLY SCI 16989,1955

WOODSeRe ET AL
1+EC 47,2524 (1955)

FURUYAsSe
Je POLY SCI 17,145(1955%5)

CARMAN¢Pe AND Lo STEIN
TRANe FARe SOCe 524P619 (1956)

FRISCHsH,
Je PHYSe CHEMe 609P1177 (1956)

SCHULZ24+Ge AND He GFERRENS
Ze PHYSIKe CHEMe 74P182 (1956)

Je OF POLYe 21+4999P554 (1956)

NEWNSsA.
TRANe FARe SOCe 524P1933 (1v¥yo0)

ROGERS+ETe AL
TAPPI 39(11)4P737 (1956)

ROGERSsETe mloe
TAPPI 40(3)yP142 (1957)

HENTOH.
Je OF POLYe SCls 244+P387 (1957)

CROWECo
TRAN. FARe SOCe 534,P1413 (1957)



870048
570048

570058
570058

8570068
570068

570078
570078

570088
570088

570098
870098

570108
570108

570118
570118

570128
870128

5701138
570138

580018
580018

580028
580028

580038
580038
580048
580048

58004R
580048

580058
880058

580068
580068

580078
580078

580088
580088
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FRISCHeH,

Je PHYSe CHEMe. 614P93 (1957)
BARRER R

Je OF PHYSe CHEM. 61,P178 (1957)
ROSENsBe AND STINGLETONsJa

Je OF POLYe SCle 2%5,4,P22% (1957)
WILKENSsJe AND Fo LONG

TRANe FARe SOCe 534P1146 (1957)
KAMMERMEYER ¢K s

INDe AND ENGe CHEM, 49(10)4P1685% (1987)
BARRERsR .

Je PHYSe CHEMe 614P178 (1957}
SOBOLEVs ETe AL

TNDs AND ENGs CHEMy 49(3)sPsa&1 (1987)
BARRER.ET. AL«

Je OF POLYe SCle 23,P318% (1957)
FRISCHsmM

Je CHEMe SOCe 614P93 (1957)
MCCALL sDe

JeOF POLYe SCle 264P151 (1957)
MEARFSyP.

TRANe FARs SOCe 544P40 (1958)
FRISCHyH.

Jo PHYSe CHEM, 624P401 (1958)
FRISCHsH,

Je PHYSe CHEM, 634P1022 (1958}
MEARES P,

Je OF POLYs SCla 27+P408 (1958)
FRISCHOH.

Je CHEM. SOCe 624P401 (19%8)
KLUTE AND FRANKLIN

Je OF POLYe SCle 32o.P161 (1958)
MEABESsP.

Je OF POLYe SCle 27+P391 (1958)
MEARESsPe

TRAN. FARe SOCe 544P40 (1958)
TICKNORs L

Je PHYSe CHEMe 6249P1483 (1958)



580098
580098

590018
890018

590078
590028

$9003R
8900138

590048
590048

590058
590058

590068
590068

590078
590078

590088
£90088

590098
590098

59010R
590108

590118
590118

590128

590138
590138

590148
590148

590158
590158

590168
590168

890178
590178
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HERITAGE Ko
TRANSs FARe SOCe P1902 (1958)

FRISCHsH,
Je PHYSe CHEMe 639P1249 (195

FRISCHsHe
Je CHEM. SOCe 634P1022 (1959)

FRISCH’HQ
JeCHEM. SOC. 634P1249 (1959)

ROSENsRe
JeOF POLYe SCle 354P33%5 (1959)

KISHIMOTO Ae AND Ko MATSUMOTO
Je PHYSe CHEM. P1529 (1959)

FUTITAsHe ETe AlLe
Je PHYSe CHEMe P424 (195%9)

BRANDT sWe
Je OF PHYS. CHEM. 63,P1080 (1959)

ROGERSsCe9ETs Ale
Je PHYSe CHEM.63,P1406 (1959)

LASOSKI AND COBBS
JeOF POLYe SCle 364P21 (1959)

CAMUTON AND FINKEL
ZHURe F1Ze'KHIMe 33,P1648 (1959)

KLUTE
Je OF POLY. SCle 165P307 (1959)

Je OF POLYe SCle 355(128)9P285 (1959)

KAWAT
Je OF POLY. SCle 37,P181 (1959)

DIETRICK AND MEEKS
Je OF APPLe POLYe SCIle 2(5)9P231 (1959)

LAITZ’R.“.
JePHYSe CHEM, 63,P80 (1959)

LAWSONsAeW,
Jo CHEMe PHYSe. 304P1114 (1959)

ALGIE¢JeEe
Je POLYe SCle 354P535 (1959)



590188
590188
60001R
600018

600028
600028

600038
600028

600048
600048

600058
600038

60006B
60006R

60007R
600078

600088
600088

600( 98B
600008

600108
600108

600118
600118

610018
610018

610028
610028

610038
610038
610048
610048

610058
610058
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FUJITAsET.AL

TRANe FARe SOCe P424 (1959)

AYERy ETeALe .
Jeo OF APPLe POLY.e SCle 3(7)5P1 (1960)

HEFFELFINGER AND BURTON
Je OF POLYe SCIs 174P289 (1960)

PILAR
Je OF POLYe SCle 454P20%5 (1960)

LASOSKI!
Je OF APPLe. POLYe SCle 4(10)4P118 (1960)

SWEENY AND ROSE
DA+18 108 405 CM6 176

LUNDBERGsETALS
Je APPLe PHYSe 264P1131 (1960)

ROUGHTON s F o
TRANe FARe SOCe P108%5 (1960)

GOODKNIGHT sRe oETe AL
Jeo PHYSe CHEMe 64,4P1162 (1960)

BLYHOLDER+Ges AND S
Jo PHYSe CHEM(649PT02 (1960)

WHITE gMeL o
Jo PHYSe CHEMs 649P1563 (1960)

FUJITA’H.OET.AL.
TRANe FARe SOCe 564P424 (1960)

BEARMANsReJo
JePHYSe CHEM, 6541961(1961)

MATSUOKAsS.
Je APP. PHYS. 3242334(1961)

RARRIEsJe + PLATTB.
JeOF POLY. SCI 54,261(1961)
BARRIEsJe + PLATT,B.
Jo OF POLY SCI 49,479(1961)

FATT’I.

Je PHYS CHEM, 6541709(1961) 66976041961



61006R
610068

610078
61007R

610088
610088

610098
610098

610108
610108

610118
61011R

610128
610128

6101138
610138

610148
610148

610158
610138

610168
610168

620018
620018

620028
620028

620038
620038

620048
620048

6200%8
620058
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KARPOV Vel o L L
JAPs AEC 1961

BARRIEsJeAe + PLATTB.
Je POLY SCI 84,261(1961)

BARRIEysJeAe + PLATTBo
Je POLY SCI 49,479(1961)

WHITEsMeLs + DORION GeHe
Jo POLY SCI 55,731,1961

PHILLIPS + LANNON
BRIT PLASTICS 3445,236(1961)

MICHAELT + KEDEM
TRANS FAR SOC 1185,1961

MICHAELS + BIXLER
Je POLY SCI L9393 (1961)

BINNING ET AL
T14EC 53(1)44549(1961)

MICHAFL SsAe + BIXLFR
Je POLY SCT L9413,4(1961)

MICHAELSsAeS. ET AL
14EC PROCESS DESIGN + DEVELOPMENT 14NOe1,14(1962)

SELAME¢M. + PINSKYosJo
TECH + ENGRes NOV.915391961

DOUSAsAe + SIMAM,V,
OBALY 8sNO+4,104(1962)

HERBERTsRe
INDe PLASTIQUES MODe(PARIS) 149N0.5+40(1962)

SIVADJIANsJe AND CORRALsF.
6,5619(1962) J.APP, POLY SCl.

YASUDA + STANNETT
Je POLY SCI 57990791962

ALTERpHe
Je POLY SCI 57,925(1962)



620068
620068

62007 R
620078

620088
620088

620098
620098

620108
620108

63001B
630018

630028
630028

630038
630038

630048
63004R

630058
630058

630068
630068

630078
630078

630C¢ER
630CA8

630098
630098

630108
630108

630118
630118

630128
630128
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ETSENMANN + BERGER
AeCeSe MEETING MARCH,1962

MAJOR + KAMMERMEYER
MODe PLASTICS 393511,135(1962)

SATA + CARR
JeOF APP POLY SCI V1924$564(1962)

TIKHOMIROVA ET AL
PLASTICHESKIE MASSY»1244041962

MCGREGORsRe+ MAHAJAN, T,
TRANS FAR SOC 2482,1962

LONGsRe
ESSO ENGR AND RES 1963

BRADBURYs JeHe + LEEDERypJeDe
Jeo APP. POLY. SCle 7+533(1963)

ROBERTsReWe + KAMMERMEYER Ko
Je APP POLY SCI 7,2183(1963)

BARRIE ET AL
Je OF APPL PHYS 34(1’;1391963

ETISENMANN s Je
FINAL REPORT AD 408 670 APR,1963

TRANS FAR SOC 594869(1963)

HILADE¢CeJe + HARDINGsReH.
Je APP POLY SCI 74177541963

CARAMAZZAsRe
TRANS FAR SOC 59+241511963)

CROWE
TRANS FAR SOC 59+2515(1963)

ROBERTS + KAMMERMEYER
Je APP POLY SCI T742175(1963)

KEDEM + KATCHALSKY
TRANS FAR SOC 595191851963

BENEOTTOs Do
J OF POLY SCT A4143459(1963)



630138
630138
630148
630148

630158
630158
630168
630168

640018
640018

640028
640028

640038
640038

640048
640048

640058
640058

640ChHB
640068

640078
640078

640088
64008R

640098
640098

640108
640108

640118
640118

640128
640128

6401138
640138

640148
640148
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KISHIMOTO + ENDA

JePOLYe SCI PART AeVOL 141799(1963)
SKORKO’M. .
JeOF POLY SCI PART AsVOL152327,(1963)

ROCHELA ET AL :
Je POLY SCIsPARTAGWOL1424775(1963)
KOWAHARA 3N«

Je OF POLY SCI PARTA,VOL142395({1963)

KISHIMOTOsA.
Jo OF POLYe SCle PARTA42,P1421 (1964)

KISHIMOTOsAe AND MATSUMOTO K.
Je OF POLYe SCle PARTA2,P679 (1964)

FUJITAsH.
POLYe SCle AND TECHe ENCYLe. 5+P64 (1964)

HOLLYsEe
Jo OF POLYe SCle PART A 24P5267 (1964)

FRISCHyH,
Jeo OF CHEMe PHYS. 41(12)9P3679 (1964)

NATTOI.CQ
Je APPLe POLY. SCl. 84P2835 (1964)

FERRARIsA«Go
MODe PLASTICS 41(10)4P153 (1964)

BADDOUIsReFe
Je APPLs POLYe SCl, 89P897 (1964)

PETERSONsCe AND LIVINGSTONSE
Je APPL. POLYe SCl, 8+P1429 (1964)

KWETsTe AND KUMMS,Ce
Je APPLs POLYe SCl. 89P1483 (1964)

TIKHOMIROVA ¢NeS e
AEC TR 6398 N64 28284 444 (1964)

HULDYsHe Jo
Je OF APPL. POLYe SCle ByP2883 (1964)

MICHAELSsAesFETeAL .
Je APPLe POLYe SCle B89P2735 (1964)

SPENCERsHe AND HUNTO.
Je POLYe SCle A2,P5327 (1964)
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64015B KWEI AND ARNHEIM
640158 Jes OF POLYe SCle Ay2,P1873 (1964)

64016B FRISCHsH.
640168 Jo OF POLYe SCle Ay42,P1115 (1964)

640?78 KWET AND ARNHEIM
640178 Jo OF POLYe SCle A324P957 (1964)

640188 BENEDETTOsDe AND PAUL D
64018R Jo OF POLYe SCle A32,P1001 (1964)

65001B SWEENYsRe AND ROSEsAs
650018 T4AND EeCe PRODe RESe AND DEVe 4yP248 (1965)

650028 BENDFMN¢Me AND FOSTFR W,
65002B TRANe FARe SOCe 61,P1%9 (1965)

65003B SZEKFLYsJe
65003B TRANe. FARe SOCe 61,P2679 (1965)

650048 GRATZslLe.
65004B Je APPLe POLYe SCle 99P207 (1965}

6500%8 AVNY AND ZILKHA
65005B Jes APPLe POLYeSCle 94P3503 (1965)

650N0AR  TYFNGAR
650068 POLY. LETTERS 34P663 (1965)

650078 HEFFELFINGER AND SCHMIDT
65007TB Jo APPL. POLYs SCle 99P2661 (1965)

650088 SCHATZBERGP.
65008B Je. OF POLYe SCle 10,P87 (1965)

650098 FRISCHeH.
65009B POLYe LETTERS 39P13 (1965)

650108 L1sNesET AL
65010B IND. AND ENGe CHEM, 57(3)P18 (1965%5)

66001B MONSANTO CO. O0CT,1966

660028 CARANGELO»S + ARNOWICK,B
660C2R Jo APPL POLY SCI VOL. 10465(1966)

660038 YAUVDAsH + STONE,W.
66003B Je POLY SCI A=14491314(1966)

660048 GILLESPIEST + WILLTIAMSyBeM.
66004B J. POLY SCI A=144,933(1966)



660058
66005R

660068
660068

660078
660078

670018
670018

670028
670028

670038
670038
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REFOJOsMeF
J APPL POLY SCI 104185(1966)

pATTLEQR.Eo + SMITHsPeJe
TRANS FAR SOC 6241776(1966)

DURRILL + GRISREY
AeTeCHeEeJs 12(6’01147(1966’

MORRISONsM,
AEROSPACE RES LABWRIGHT PATTERSON BASEs OHIO(1967)

HAMILTONsR.
BELL SYS TECH Je 39141967

MORRISON M,
AeTeCHeEeJde 13(4)4815,1967



